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PREFACE 


It was the intention of my predecessor in the office of 
Prosector to the Zoological Society, the late Professor 
Garrod, F.R.S., to write a treatise upon bird anatomy. 
This intention was so far realised that a nearly complete 
account of the anatomy of the fowl, with the appropriate 
illustrations, was actually drawn up ; it was proposed that 
this should be followed by a second part, in which the general 
anatomical characters of the different groups of birds were to 
be stated. Of this second part T have beside me some thirty 
sheets of MS. Professor Garrod’s successor in the post of 
Prosector to the Zoological Society, the late Mr. W. A. 
Forbes, had every intention of finishing this work com- 
menced ; but unfortunately death took place before any 
actual additions had been made to the MS. left by his 
predecessor. I have, on the kind encouragement of Mr. 
"Sclater, determined to make an attempt to carry out this 
plan of my two forerunners, and the present volume is the 
result. 

It must be admitted that a handbook upon bird anatomy 
was more wanted at the time that it ,was first conceived by 
Mr. Garrod than it is at the present day. Zoologists had 
then nothing of a general character save the incomplete 
fragment of Bronn’s * Thierreich ’ and the sections devoted 
to bird anatomy in such comprehensive works as those of 
Meckel and Cuvier. We have now two treatises of first- 
rate merit, that of Fiirbringer and Dr. Gadow’s completion 
of the section ‘Aves’ in Bronn’s ‘Thierreich.’ Professor 
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Garrod’s intended work differed from either of these in Ijiat 
he meant to preface it with a detailed account of Gallus. I 
have not thought it useful to follow him in this ; for we 
have an excellent treatise dealing with one particular bird type 
in Dr. Shufeldt’s book upon the ‘ Raven.* Instead of this 
I commence with a general sketch of bird structure, purposely 
avoiding histological detail and the elaborate description of 
anatomical facts which are not, in the present state of our 
knowledge, of great use in classification. The main part of 
this book is the account of the structure of the different 
groups of birds. It w’as upon this aspect of the subject that 
Mr. Garrod intended to dwell most fully. Dr. Gadow has 
also treated bird anatomy from this point of view ; the con- 
cluding section of his contribution to Bronn’s ‘ Thierreich * is 
devoted to an enumeration of the distinguishing characters 
of the groups of birds. I have, however, treated of this 
matter more fully, and have incorporated more facts (some 
of them recorded for the first time) in the systematic part of 
my book, than did Dr. Gadow. I have felt it to be useless 
to attempt to vie with Professor Fiirbringer’s magnificent 
treatise upon birds. To deal with all the organs of the body 
as fully as he has done would require more space than it 
would be probable that any publisher would be disposed to 
allow me. I believe, however, that I have been able to note^ 
Ihe principal facts in the anatomy of the different orders of 
birds, and that nothing of first-rate importance has been 
omitted. 

Moreover under each section I have referred to the 
majority of the memoirs already published, so that the reader 
can supplement, where it is necessary, the facts which I 
myself detail. These references, I may remark, have been 
{with a few exceptions) carefully verified ; and although my 
bibliography of the subject is not complete it is, I hope, 
without important deficiencies. 

The facts of bird structure contained in this book are to 
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sQ)ne extent drawn from published memoirs ; but the 
majority of them, especially those relating to osteology and 
muscular anatomy, have been verified by myself ; and I have 
also laid under heavy contribution the note books of my two 
predecessors already mentioned. Some of the more import- 
ant of these facts are illustrated by woodcuts and ‘ process ’ 
blocks ; for these I am indebted to the liberality of the 
Publication Committee of the Zoological Society of London 
and to the editors of the ‘ Ibis.’ 

Finally, I regret to have to acknowledge that in several 
instances I have used two names for the same bird, a fact 
which I did not discover in every case until it was too late 
for alteration in the text. I hope, however, that any diffi- 
culties arising from this error on my part will be obviated by 
the cross references in the Index. 

FRANK E. BEDDARD. 

July 18<JS. 
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THE GENERAL STRUCTURE OF BIRDS 

As the aim of the present work is to detail the characteristics 
of the various groups of birds, I do not propose in this 
section to do more than give a general account of bird 
anatomy. A fuller description will be found in the part 
relating to birds by Dr. Gadow, in Bronn’s ‘ Klassen und 
Ordnungen des Thierreichs,’ where much that will be found 
here in the accounts of the several families of birds is 
treated of in the introductory chapters. The greater part of 
this I deliberately omit, to save repetition. 


The Foot 

The feet of birds show a large amount of variation, 
which is not for the most part of great value in the deter- 
mination of affinities. That the older naturalists paid great 
attention to these facts is evident from the names Palmipedes, 
Cursores, &c. No bird has, save for abnormalities, such as 
the Dorking fowl, more than four toes. The opposite ex- 
treme is reached by the ostrich, which has only two. That 
the three-toed and, a fortiori, the two-toed condition has 
been arrived at by a reduction from four toes seems to be 
shown by the ccmdition of the feet in certain petrels, where. 
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as shown by Forbes, a rudiment of the missing toa is 
present in the shape of a nodule, or of two nodules, of bone, 
hidden in extreme cases beneath the skin, and only appear- 
ing externally as a small wart with no claw. In Phebcetria 
there is an advance upon this, since there is externally a 
minute claw, and beneath the skin two minute nodules of 
bone. In the woodpeckers, Picoides and Tiga^ commonly 
spoken of as three-toed birds, there is a similar vestige of 
the fourth toe. On the other hand this does not apply to 
all three-toed birds. In Rhea, Tetrax, and Pelecamides 
Forbes searched in vain for a trace of the missing toe. The 
toes of the bird’s foot are arranged in different fashions, 
giving rise to more than one form of foot. • When there are 
only three toes they are all directed forwards, except in 
Picoides, where the last is directed backw^ards ; but then, as 
already stated, this bird has a rudimentary hallux, and it 
conforms therefore to the type seen in other woodpeckers. 
When there are four toes they are rarely all turned forwards ; 
this is the case, however, with the swifts. Most commonly 
the hallux is turned more or less completely backwards ; 
this is BO with the passerines and with many other birds. 
In what is termed the iygodactyle foot, e.g. the woodpeckers, 
both the first and the fourth toes are turned backwards, and 
thus an effective grasping organ is produced. 

An anomalous form of zygodactylism, termed hetero- 
dactylism by some, is offered by the trogons, where the 
second toe is turned back. Syndactylism is an expression 
used to describe toes which are united together for a longer 
or shorter distance, such as, for example, the todies and 
kingfishers. Further details in the form of foot will be 
found under the descriptions of the several families. 

In many birds the toes are perfectly free from each other 
up to their attachment to the metatarsals. In others there 
is a condition knowm as webbing, where a scale-covered 
skin is stretched between the toes. This may be feebly 
developed, as in many wading birds, or complete, as in swim- 
ming birds, such as the duck. The extreme state of webbing 
is seen in the pelican tribe, where all the four toes are 
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united by webs — in the ducks only three being thus united, 
and the hallux free. The coots have a form of webbing 
which is characterised by applying the term ‘ lobate ’ to the 
foot. Each toe in the case of a lobate foot is bordered by a 
flat expansion of skin, but there* is no connection between 
the borders of adjacent toes. The foot is covered to a vary- 
ing degree with a homy integument, which is arranged as 
larger or smaller flat scales, or as granules of various shapes 
and sizes. This scutellation sometimes extends on to the 
tibia ; it generally occupies the tarsus as w^ell as the foot 
proper ; the other extrenie is shown by Syrrhaptes, where 
feathering extends down to the last digits of the foot. The 
form of these is sometimes useful in classification, as in the 
Fasseres The digits are armed with claws, which are 

straighter in wading birds, and very curved in the birds of 
prey. Their relative lengths vary ; in the larks, for example, 
and in the cuckoo (Centropus) that of the hind toe is enor- 
mously long. The middle toe is often serrated, as in herons, 
owls, and goatsuckers, &c. 

The order of the toes may be almost always settled by 
counting the number of the phalanges. This is progressive, 
the first toe having two phalanges, the second three, the 
third four, and the fourth five. To this general rule there 
are a few exceptions. I have described in the owl {Photo- 
diluH) only four phalanges in the last (fourth toe), a state of 
affairs, however, which is plainly due to a fusion between 
the two first phalanges. The goatsuckers (of genus Capri- 
mulgus and allied forms) have a digital formula of 2, 3, 4, 4. 
In many Tubinares the formula is 1, 3, 4, 5. In the swifts 
the toes are still further reduced, for we have in that group 
the digital formula 2, 3, 3, 3. Pterocles Ras a digital formula 
agreeing with that of CaprimiUgus. Zehntner * has lately 
shown that the digital formula of the swifts is due to 
reduction ; he has found, in fact, in Cypselus tnelbay in a 
certain stage of development, four phalanges in each* of 
digits 3 and 4, in which stage, therefore, the bird is only 
one digit short of the normal. 

* ‘ Beitrage zur Entwicklung von Cypselus melbat Arch, f, Naiurg, 1S90. 
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A comparison of the varied forms of feet among birds 
has an important bearing upon the origin of the foot. From 
this follows some insight into the nature of the life led by 
the possessors of the most primitive form of foot. The 
matter has been put forward in a clear fashion by Finn,' 
and in a correspondence which his paper elicited. As all the 
evidence at our disposal seems to show that the four-toed 
foot is the more primitive, we have to decide whether the 
palmate foot of the pelicans or the grasping foot of the 
passerine is the earlier, or whether some modification of 
these, such as the zygodactyle, or four-toed foot with a 
rudimentary hallux, is the more primitive. The four-toed 
foot of the Steganopodes is often figured as if all the toes were 
directed forwards, but this is really not the case ; they are, 
as in terrestrial birds with a more or less rudimentary 
hallux, directed at least sideways. This seems to argue that 
the original form of the foot was as it is now in the Passeres, 
a fact which is still further enforced by the foot of ArchcBo- 
pteryx (see below) . The more purely ten*estrial the birds are 
the more rudimentary is the hallux, until in the purely 
terrestrial bustards the hallux has disappeared altogether, 
and in the ostrich, most terrestrial of birds, the second toe 
has vanished also. Among the gallinaceous birds, moreover, 
the more arboreal forms, the Cracidse and Megapodidae, the 
hallux is better developed than in those that do not roost in 
trees. That the zygodactyle foot is a further modification of 
the anisodactyle seems to be shown by the transitional state 
of the owls, which ‘ always perch in the zygodactyle position,' 
the fourth toe being capable of reversion.^ 

Beak 

In all existing birds the upper and lower mandibles are 
invested with a homy sheath, the beak. The form of this 

’ *The Signiflcanoa of the Bird’s Foot,’ Natural Science^ June 1894 ; see 
also July and September Nos. of the same periodical for farther notes and 
correspondence on the matter. 

* A. Bxichsnow, ‘ Die Fassbildungen der Vdgel,’ /. /• 0. 1871, p. 401. 
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beak has been used by ornithologists for systematic purposes, 
and whole groups of birds have received their names from 
this shape, e.g. dentirostres, lamellirostres, &c. The bill, 
however, varies so greatly in admittedly allied birds that its 
use for classificatory purposes is not great. As a striking 
instance of this may be mentioned the Limicols ; we see 
there the spatulate bill of Euonyrhynchiis, like a diminutive 
spoonbill, the upturned bill of Becurvirostra, the sideways- 
turned bill of Anarhrynchus, the longer lower mandible of 
Bhynchops, and the ibis-like bill of Numenim. Gadow has 
used for classificatory purposes the complex or simple con- 
dition of the beak. In some birds, e.g. Eatit», the horny 
sheath is composed of several pieces ; in others, the majority, 
this is not the case. In birds of prey and in parrots there 
is present a structure which has been termed the cere : this 
is simply the basal part of the beak, which has remained soft. 
Its occurrence in those two groups of birds does not appear 
to be significant of any close affinity. 

The lamellirostres afford another example of how dan- 
gerous it is to attempt any decision as to affinities from the 
form of this organ. It has been insisted that one reason for 
regarding the flamingo as a long-legged duck is the existence 
of lamellae along the beak ; but this feature is also met with 
in the stork, Amstomus, to which group moreover the bird 
is now more generally believed to be related. The puffin is 
nearly exceptional ' in the periodical moulting of a portion of 
the bill ; but the pelican (P. trachyrhynchus) casts annually 
an excrescence upon the top of the upper beak. Sexual 
dimorphism in the bill is rare, but is exhibited in a marked 
way in Eeteralocha, where the female has a long and dovra- 
wardly curved bill, while that of the rnale is shorter and 
straighter.* 

' Several auks (g.v.) do so^ and it has been asserted of the penguins. 

’ See in this matter and for variations Ehlers, ZooL MiscilL i. (Odttingen, 
1894 ). 
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Feathers ^ 

A bird may be known by its feathers ; to define a bird it 
is only necessary to refer to its covering of feathers. No 
other animal has any structures comparable to a well- 
developed feather. It is true that the filo-plumes are really 
little more than hairs. But the processes of development 
serve to place a fundamental barrier between the two kinds 
of structures. 

A hair commences as a thickening of the stratum 
Malpighii, which grows downwards into the dermis ; a feather 
is from the first a slight papilla involving the outer layers of 
the epidermis as well as the stratum Malpighii, a papilla 
which is surrounded by a circular depression. This papilla 
gradually sinks down into the skin and assumes a cylindrical 
form. The cells of the Malpighian layer commence to pro- 
liferate vigorously, and form a series of thickened folds 
disposed radially to the longitudinal axis of the feather 
papilla, and towards the central pulpa. These radially 
arranged masses of cells undergo a process of cornification, 
free themselves from the overlying cells of the horny layer of 
the epidermis, and produce a bundle of horny fibres— the 
embryonic down. The feathers may retain this embryonic 
character throughout life, or further changes may take place. 
This consists in the formation below the first feather folliclg 
of a second in cpntinuity with it ; in this a feather is 
developed, which may be a down feather, like the first formed, 
or may grow’ into one of the stronger varieties of feathers to 
be described presently. In either case the growing feather 
pushes the down before it, and the latter is ultimately thrown 
off. 

The structure of feathers has been described at length by 

' H. R. Davies, ‘ Beitrag zur Entwicklungsgeschichte der Feder,’ Morj)h. J.B. 
xiv. 1888, p. 868, and * Die Entwicklungsgesch. d. Feder,’ drc. ibid, xv. 1889, 
p. 660 ; C. B. Hennicke, ‘ DieEntwicklung d. Feder,’ Monatsschr, deutach. Ver. 
Vogelach. xiv. 1889, p. 223 ; K. Klee, ‘ Bau und Entwicklung der Feder,’ 
Zeitachr. f, d. gea. Naturw, lix. p. 110; see also Gadow, article ‘Feather’ in 
Newton’s Diet, of Birds. 
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Nig’ZSCH, and among recent writers more especially by 
Wbay.^ a typical feather consists of the stem or rhachis, 
of which the lower ‘ quill ’ region is termed the calamus. 
From the rhachis above the calamus spring a series of lateral 
branches, the rami or barbs, which in turn give rise to 
barbules, and they to minute, often hooked, processes, the 
barbicels. At the junction of the Calamus with the barb- 
bearing rhachis arises in many feathers an aftershaft (fig. 
4), which has the character of a second smaller feather 
arising from the shaft of the first ; but in the cassowary, 
emu, and the extinct Dinornis this aftershaft is as large as 
the main feather from which it arises. The barbicels with 
their terminal hamuli give the stiffness to the feather which 
is caused by the interlocking of these processes. The bar- 
bules are of two sorts, those nearest to the root of the barb 
being different from those nearest to its tip. The former 
are shaped something like a knife blade ; they are thickened 
above and bent in the middle, gradually tapering away to 
a fine point ; just in the middle, where the bend is, are 
two or three small teeth on the upper margin. It is by 
means of these teeth that successive barbules are locked 
together. The remaining set of barbules are frayed out 
towards the end into a series of branchlets which are 
hooked at first, but the more distal set are merely fine- 
pointed branchlets ; these arise obliquely, so that a given 
Jjarbule comes into relation with four or five other barbules. 

All feathers, however, have not so complicated a structure. 
The strong wing feathers of the cassowary consist of the 
stem alone. Filoplumes have but few radii, consisting 
almost alone of the calamus and rhachis. 

Down feathers are as a rule without the hamuli ; often 
the radii spring at once from the calamus, there being 
no rhachis.^ A peculiar form of these feathers, called 

' ‘ On the Structure of the Barbe, Barbules, and Barbicels of a Typical 
Pennaceous Feather,* Ibis, 1887, p. 420. 

* The term neossoptiles has been applied to the down covering the newly 
hatched young of many birds, in contradistinction to teleoptiles^ the feathera 
(down or contour) of the adult bird. 
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‘ powder down feathers/ * is found in many birds belonging 
to quite different groups ; they are usually aggregated into 
special patches. These are simply down feathers of which 
the tops continually break down into a dusty matter. 
These powder down patches have been asserted to be lumi- 
nous in the heron, and to aid it in attracting its prey ; but 
the assertion seems to be void of truth. 

The feathers of birds are, with a few exceptions, coloured 
either by the deposition of pigments alone, or* by optical 
tints derived from the actual structure of the feathers shown 
up against a basis of dark pigment. The colours of birds’ 
feathers have been chiefly investigated by Church, Kruken- 
BERG, and Gadow/ to whose papers the reader is referred. 

The arrangement of the feathers upon the wing requires 
a special description. They have been carefully studied by 
the late Mr. Wray,^ from whose paper both the informa- 
tion and some of the explanatory illustrations have been 
drawn. In the wing of the wild duck there is, as in all 
birds, a fringe of stout quills known as the rejnigefi. These 
are attached to the fore-arm and to the hand. The border 
of the ulna, to which they are fixed, constantly bears impres- 
sions of the quills. Here the feathers stand out at right 
angles to the bone; in the hand they become more and 
more inclined forwards until the last of the series lies parallel 
with the bone (phalanx 2 of digit II.) which bears it. Of 
these remiges it is usual to term those which are inserted^ 
upon the ulna the secondaries, and those upon the hand 
proper primaries. But the term cubitals is gaining ground 
as an expression for the secondaries of many writers. The 
first of the remiges is much smaller than the others, and 
has been called the remicle ; it nevertheless belongs to the 
series of remiges. The rest of the feathers of the wing are 
known as the coverts or tectrices. There are four series of 

* L. Stieda, *Dber den Ban der Puderdunen der Rohrdrommel,’ Arch.f. 
Anal, u. Phys. 1870, p. 104. 

* Gadow, in Bronn’s Thierreich {* Aves ’), treats of the matter in considerable 
detail. 

* ‘ On some Points in the Morphology of the Wing of Birds,’ P. Z. 8. 1887 
p. 343. 
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these, which successively overlap each other and the remiges. 
The first series on the upper aspect of the wing are the 
tectrices majores, which have a perfectly definite relation to 
the remiges, there being one for each remex. To this state- 
ment there is in the duck a single exception ; this exception 
is the fifth cubital (reckoning, as it is customary to do, from 
the carpus) ; this remex appears, by reason of the fact that 
there is a gap and that the tectrix is present, to be absent. 
On the under surface of the wing there is a corresponding 
row of low’er tectrices majores. It will be noticed that the 
reference of the remicle to the series remiges is justified by 
its having its proper complement of tectrices majores. 

Next to the tectrices majores comes a row of feathers, 
the tectrices niedice. These are also present on the under 
surface ; the set of both, however, is not complete, that of 
the second metacarpal being wanting on the upper surface, 
and the distal four or five of the manus on the lower surface. 
The next row on the upper face of the wing is quintuple, 
and the feathers composing the five tiers are known as 
the tectrices mmores. They are scantily represented on 
the manus, where in fact there is not room for them, they 
being developed on the skin covering the muscles and on 
the patagium of the wing. This row of feathers passes on 
to the humerus and becomes there partly specialised into 
two rows ; the lower of these (sometimes called parapteron) 
<ire long feathers suggestive of remiges, while the row im- 
mediately above bears the same relation to the pseudo- 
remiges as the tectrices majores do to the true remiges. On 
the ventral surface of the wing are similar tectrices minores 
with a similar specialisation of an liypopteron (representing 
the parapteron above, and sometimes caJled axillaHes), with 
its row of special coverts. The patagium is mainly filled 
up with several rows of feathers, which are collectively 
termed the marginals] anteriorly, upon the pollex, they 
form together with the anterior feathers of the minores the 
so-called ala spuria. The ala spuria is specialised into four 
small quills with coverts, the specialisation being quite like 
that of the humerals at the other extremity of the wing. 
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So much then for the arrangement of the feathers in tjie 
typical bird selected ; we must now consider the divergencies 
from this constituted normal. The fifth cubital, absent in 





Fig. 1.— Wing of Goloen Plover (after Goolchill). 

l-P, Interior border ; 2-2', anterior border ; .4, reiiiigwj> : Ji, greater wing eovertn ; (\ />. 
median coverts ; A’, F, reuuiiiiing coverts. 


the wild duck, is often present in birds. The terms ‘ quin-^ 
cubital ’ and ‘ aquincubital ’ have been devised to express 
these facts. The following groups are quiucubital ; ' 

(hypturi, Galli, Ehinochetida?, Cnculi, many Picarians. 
On the other hand aquincubital birds are — 

Colymbidse, Tabinare*, Steganopodes, Herodioues, Acci- 
pitrea, Anaeres, &c. 

The majority of birds, in fact, have not the fifth cubital 
remex. The most remarkable fact about this missing 
remex is that it is either absent or present ; in no case are 
there any intermediate conditions, such as a small remex. 

‘ See ScLATER, *Beixiark8 on the Fifth Cubital Remex/ Ibis (6), ii. 1890, 
p. 77, 
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•The only explanation, so far as I am aware, of this 
remarkable state of affairs is contained in a suggestive paper 
by Degen. • Degen commences with the assumption that in 
the hands of the primitive bird all three fingers— then freely 
movable— were furnished with remiges. In modern birds 
remiges are only attached to the thumb {ala spuria) and to 
digit 11 . Degen also postulates a fourth finger (of which 
rudiments have been discovered in modern birds ; see below) 
with its remiges. 

When the metacarpal bones became fused the feathers 
of the third and fourth digits were, he supposed, forced back 



Fig. 2.— rt. Cubital Remiges of Phfasant. h. Cubital Remiges 
OF Golden Eagle (afteu Wiuy). 

It 1-7, reiiiiKef' ; /AC, ilorttal tectrix major ; (7, ulna. 


•upon the ulna, as there was no longer any room for their 
coexistence with those of the second digit upon the com- 
pressed hand. Among these the carpal reniex w’as also 
pushed back. As this remex was attached to an unstable 
bone or cartilage, its position was not secured, and the varia- 
bility remained when the feather altered its position ; hence 
the presence or absence of the fifth remex, which is this 
feather. 

The carpal remex is another variable feather. It is present 

‘ ‘ On some of the Main Features in the Evolution of the Bird’s Wing,’ Bull. 
Brit, On, Club, July 1894 (published in J6w). See also for quincubitalism 
Gbbbe, ‘ Sur lea Plumes de Vol et leur Mue,’ Bull, Soc, Zool, Fr, ii. 1877, 
p. 289. 
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and fully-sized in Nothura. It is occasionally present hut 
small, and sometimes even with its covert altogether absent. 
The remiges themselves vary in number apart from the 
presence or absence of the fifth cubital, but not within 
very wide limits. Struthio and the penguin alone are 
exceptional, and will be treated of separately and later. 
Gadow has published a useful table showing the number of 
the primaries in a very large assortment of birds belonging 
to all orders. The number of primaries varies only between 
ten and twelve. The number of metacarpals has also a 
small range of variation, the smallest number presenting 
six and the largest eight. Casuarius having an abbreviated 
hand is still further reduced, the primaries being only two 
and the secondaries five. The largest number of metacarpals, 
eight, is possessed, however, by Aj^tenjXy with an abbreviated 
hand, and by Struthio. Seven metacarpals are found in the 
grebes, flamingoes, and several, but not all, the genera of 
storks. All other birds have six. 

The two prominent exceptions to the foregoing state- 
ments are, as has been already mentioned, Struthio and the 
Spheniscidae. In the ostrich (see fig. 3) there are sixteen 
primaries, each with its tectrix major upon the upper surface 
of the wing. The other rows are perfectly recognisable, as is 
shown in the figure. The wing of the penguin is, however, 
not reconcilable with the ordinary plan of structure. It has 
thirty-six bordering feathers, which may be termed primaries > 
Furbringer has suggested that these may be really ten 
primaries with their coverts, but in any case the wing is 
covered with about thirty rows of scale-like feathers. 

As to the general wing feathering, Goodchild * has sur- 
veyed a large series of birds, and noted their peculiarities. 
Some valuable classificatory results appear to be the outcome 
of these investigations. Thus the plan characteristic of the 
humming birds resembles that of the swifts, and both are to 
be distinguished from the passerines. The picarian type 
gradually approximates to the psittacine; Melopsittacus 

' ‘ Obserrations on the Dispoaition of the Cubital Coverts in Birds,’ P. Z. 8. 
1886, p. 184. 
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might be well referred to the picarians when judged from 
the present standpoint. On the other side the birds of prey, 
both diurnal and nocturnal, are parrot-like in the arrange- 



ment of their wing feathers. But, curiously enough, Pernis, 
Pandion, Gypogeranus, and the Cathartidas differ from their 
allies. This is not the only case where the disposition 
of the feathers runs counter to the affinities to be 
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derived from an examination of other structures ; ffor 
while Phalacrocorax is quite accipitrine the other Stega- 
nopodes are quite difiFerent. Herons agree with tlie 
Aocipitres, while the ciconiine pattern leads towards that 
of the Tubinares, and is identical in some cases with that of 
the American vultures. The cuckoos should be, when 
judged by the feathering of their wings, placed in the 
immediate neighbourhood of the Colombse, from which group 
Goura ought to be separated. Chamia is practically a 
pigeon in these characters, while the Limioolse are not far 
off. The Crypturi are gallinaceous.* 


Pterylosis 

As a general rule the feathers of birds are not distributed 
uniformly over the surface of the body, but are set in the 
skin in definite tracts, between which are spaces that are 
entirely bare or covered only with down plumage. The 
feathered tracts are termed pterylae, the interspaces apteria. 
A few birds, such as the struthious, the penguins, and the 
screamers, have an uninterrupted plumage ; but this state 
of affairs, though corresponding with what one supposes 
to be the original condition, is not necessarily so in the 
birds under consideration. Thus, although the ostrich has 
an uninterrupted plumage in the adult state, the young 
embryo, as first figured by Miss Lindsay, has definite 
pterylse, thus proving that the continuous feathering is here 
purely secondary. There is a very great variety in the 
arrangement of the pterylae among birds, and for the details 

* De Meijere has devoted some pains to the arrangement of the feathers 
with reference to each other, a subject which, ae he says, has been hitherto 
treated of only in a stepmotherly fashion. It appears from his investigations 
that the feathers are arranged in groups, as are the hairs of mammals. For 
example, upon the naked region of the head of Numida the feathers are 
grouped in fours, a stronger feather with two hair<like feathers, one on one side 
and one on the other. This 'is what is- generally found, a central stronger 
feather with hair feathers surrounding it. There is here a remarkable analogy 
with the grouping of mammalian hairs, where a stronger hair is often sur- 
rounded by three or four more slender hairs. Moseley also in the case of the 
dodo (q-v,) has found the feathers to be grouped in threes. 
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tho reader is referred to the systematic part of this work. 
In all, however, there are the following tracts present : — 

(1) The spinal tract runs from the head to the oil gland. 
This tract is sometimes continuous at the sides of the neck 
with the ventral tract, to be described next. It is sometimes 
a single solid tract throughout, but more usually there is a 
space developed in it, an apterion in the back, which is of 
greater or less extent. Commonly there is a break, more or 
less distinct, between the anterior and the posterior portion 
of the tract, which may be complete or may consist in an 
abrupt transition between anterior stififer feathers and 
posterior slighter feathers. 

(2) The central tract is always a double tract, but the 
median apterium may be very narrow. The anterior part 
of the tract may be single, but sometimes it is double from 
its very origin. Very Commonly on the pectoral region 
each half of the ventral tract gives off a lateral branch. 

(3) The humeral tract is a band of stiff feathers running 
across the humerus ; it is always present and shows no parti- 
cular modifications. 

(4) The femoral tract is a corresponding band crossing 
the thigh. There is sometimes, as in the barbets, a small 
tract lying between the femoral and the spinal ; and, besides 
the main tracts, the patagium and the lower leg are more or 
less covered with contour feathers. The study of Pterylo- 
cgraphy was first taken up in a systematic manner by Nitzsch ; 
since his day the number of facts has largely increased, and 
careful figures of the pterylosis of many birds, not figured 
by Nitzsch, have been published by a host of observers, 
especially Garrod, Forbes, Shufeldt, Pyecraft, Gadow,* 
and others. For references to these sde the descriptions of 
the different orders of birds.* 

The general facts of pterylosis must be used cautiously. 

' See also W. Marshall, ‘ Pterologische Mittheilungen,’ Zool. Qart xiv. xv. 
Xvi. 

* For the musculature of the feathers see Helm, ‘ Ueber die Hautmuskeln 
der V5gel,’ Ac., J./. 0. 1884, p. 821. These skin muscles are either limited to 
the skin, running from feather to feather, or are parts of skeletal muscles, such 
as the cutaneous branch of the latissimus dorsh Ac. 
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On theoretical grounds it might fairly be assumed that a 
continuous covering, without any distinctions between 
pterylas and apteria, was a primitive condition. But there 
is evidence to show that where a continuous covering of 
feathers exists it is not invariably a mark of ancient stock. 
Thus the ostrich, as already remarked, which when adult 
has practically no separation into pterylae and apteria, has, 
when young, very distinct pterylae and apteria. In this 
case, therefore, it is clear that the uninterrupted feathering 
is a secondary character and not a primitive one. With the 
penguins, on the other hand, it is conceivable that the 
absence of apteria is a primitive character. As to the value of 
the various arrangements of apteria in the pterylosis, Gadow 
lays stress upon the continuous feathering of the neck, or 
the presence there of lateral spaces, but admits that the 
Indian painted snipe (Rhy7ichma) is an exception which 
somewhat destroys the value derivable from the considera- 
tion of the facts. Fubbringer, on the other hand, uses in 
his tables of characters the dorsal tract and its modifications. 
But the variations which occur here in a single and surely 
' well-marked family (e.g. Picidse) tend to shake our faith in 
the value of the exact way in which the hypothetically con- 
tinuous feathering has lost its continuity. No doubt Gadow 
is right in saying that it is of taxonomic importance ‘ more 
in the investigation of small than of large groups.’ 

Nitzsch, for instance, lays some stress upon the ‘ furcate 
division and degradation of the portion of the spinal tract 
situated between the shoulder blades ’ in the Accipitrinae ; 
this division includes the owls. 

But on turning over his plates one is struck by the fact 
that the peculiarity in question is by no means confined to 
that group, occurring as it does in such widely removed 
forms as Caprimulgidae, Charadriidae, and Psophia. Nor is 
an undivided dorsal tract a distinctive mark of affinity, 
since it is to be found in such a diversified assemblage as 
that including Pavo, Alcedo, Certhia, Todus, and various 
passerines. The ventral tracts divide each of them upon 
the breast into an outer and an inner division in Pemis 
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apivcra^ Coracias garrulus, Bhaniphastos, MusophagUy QaU 
luSy various cuckoos, Gharadriusy &c. They do not divide 
in Pandiofiy Cypselusy CucuhcSy OpisthocomuSy BuceroSy Co- 
lumbay Fulica, and Ciconia, 

Garrod made originally the apparently reasonable sug- 
gestion that the down feathers upon the apteria of many 
birds may be the remains of contour feathers, from which 
the inference is necessary that those birds with downs upon 
the apteria are nearer to the continuously feathered and 
ancestral bird than are those whose apteria are nude. But 
the whole matter is rather more complicated than this. 
There are birds with only contour feathers and nude apteria : 
there are birds with contour feathers only upon the pterylae, 
and down upon the apteria ; there are birds with downs 
everywhere ; and finally there are birds with downs only 
upon the pterylse, mixed with the contour feathers. The 
facts, therefore, when stated thus fully are not so easy of 
interpretation. 

The evidence denwohle horn Archceopteryx — less negative, 
perhaps, than ‘ negative ’ evidence often is — may afford us a 
clue. So many feathers of that bird are well preserved that 
it seems possible that where feathers have not been preserved 
they were either reallygabsent or soft down feathers. The 
latter suggestion seems to be the more probable, on account 
of the plain fact that Archceopteryx was a flying bird. Now 
the fact that the contour feathers are frequently preceded 
by downs points in the same direction, viz. that the primitive 
feathering of birds was in the form of downs. The persist- 
ence of downs, therefore, on this hypothesis is so far a 
primitive character, and the greater the persistence the more 
primitive the bird. Thus those birds which have downs 
everywhere will be the more axchaic. This is so far promis- 
ing that that group contains ’'such apparently old types as 
Palamedeay OpistliocomuSy Bhinochetusy &c. On this view 
the most modem of birds will be those which I elsewhere 
try to show are an ancient race, i.c. the bulk of the Pico- 
Passeres. But, as might be expected with an ancient race, 
there is every variety shown, and members of this great 
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group are found in all the divisions of birds founded iipon 
the distribution of the downs. This view throws a side 
light upon the Struthiones. The feathers of those birds have 
been called intermediate betw'een contour feathers and 
downs. It may be that they are primitive, and that the 
struthious birds have arisen from some ancient type in 
which the modern bird’s feather had hardly been evolved- 
Among nearly related families the details of pterylosis do at 
least sometimes afford indications of resemblance. Thus, 

for instance, there are certain small 
likenesses between the barbets, 
toucans, and woodpeckers (see 
below), which help in establishing 
the near kinship between the three 
families. 

The size or the presence or 
absence of the aftershaft appears to 
be of little use for systematic pur- 
poses. Among the ducks, for ex- 
ample, some have it and some have 
it not. It is as large as the main 
feather in the emus and totally 
absent in Rhea. Facts like these, 
which might be multiplied, throw 
doubts upon the value of this 
structure in classification. So teo 
with the oil gland ' and its feather- 
ing or absence of a tuft. Cancroma, 
which in other points of its structure conforms to the heron 
type, is alone in that group in having a nude oil gland. The 
gland is absent in some parrots, present in others. Garrod 
at one time thought that he could correlate among the 
Pico-Passeres a nude oil gland with small caeca, and a tufted 
oil gland with the absence of caeca ; to the vast majority 
of picarian birds there is no doubt that the correlation does 

• A. PiLLiKT, ‘ Sur la Glande S6bac6e des Oiseaux,’ drc., Bull Soc. Zool Ft, 
xiv. 1889, p. 115; R. Kohsmann, ‘ Ueber Talgdriisen der Vdgel,* Zeitschr. /. 
wiss. Zool 1871, p. 568. 
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Fig. 4.— Feathek hhowing 
Aftkbshaft (after Sclater). 
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api^y. But the todies were found to be birds with a tufted 
oil gland and with large caeca. 

It has been pointed out that when the oil gland has a 
tuft of feathers upon its apex the rest of the gland is un- 
feathered, and that, on the contrary, when the tip is nude 
the general surface of the gland is feathered. The oil gland 
is, so far as we know, a structure special to birds : it is, indeed, 
the only purely external glandular apparatus that exists in 
them. It is therefore possible, if not probable, that the 
organ first arose in the class — that it is not an inheritance 
from any ancestor. On this view it is quite possible that 
the absence of the oil gland may not be always due to its 
disappearance ; birds without oil glands may or may not 
have lost them. It seems very likely, for example, that the 
usual absence of this structure among the struthious birds 
is rather a primitive than a secondary character. If this 
view of the matter is justifiable, the presence of a tuft may 
also be, in some cases at least, secondary ; for it is certainly 
a specialisation that may have appeared after the oil gland 
was fully developed. 

Alimentary Canal 

The tongue * of birds is one of the most variable organs 
as to size and texture. In Plotiis, for example, it is 
practically altogether absent (see fig. 5). When present it 
is larger or smaller, more or less fleshy. The long, thin, 
horny tongue of the toucans characterises those birds ; the 
parrots (see fig. 6) have a thick and fleshy tongue ; naturally 
the organ is of more use to the latter than to the former. 
A very remarkable modification of the tongue, seen in birds 
quite remote in the scale, is the pulling out of the free end 
into a tuft of fine fibres ; this is associated with the capture 
of honey or minute insects from the corollas of flowers ; it is 

‘ C. 8. Minot, ‘ Studies on the Tongue of Reptiles and Birds,’ Ann. Mem. 
Boston Soc, Nat. Hist. 1H80 ; Nitzsch-Giebel, * Die Zunge der Vdgel,* <fec., 
Zeitschr. f. d, gea. Naturw. xi. 1858, p. 39; Lunwio, Prinz v. Bayern, Ztir 
Anatomic der Zttnge (Miinohen, 1884). 
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seen in the Trichoglossinae (see lig. 6), named so on acccTimt 
of the very structure, and in the Nectariniidoe, &c. Very 
frequently the tongue is more or less spiny upon its surface, 
particularly towards the attached end 
of the organ. A very singular modi- 
fication is the extraordinarily long 
tongue of the woodpeckers, which 
is, of course, associated with the ex- 
traction of grubs from the crevices in 
trees. A detailed description of the 
numerous forms of this organ would 
occupy more space than can be allowed ; 
but the principal varieties will be 
found described under the different 
families. The modifications of the 
tongue are not of great assistance to 



Fig. 5. — Low£b Mandi- 
ble or Indian Dabter. 
t , RUDIMENTABt ToNGUE. 
JB, Tongue in Pboeile. 




Fig. 6. — Head or Lorius , showing Extended Tongue 
WITH Brush Tip (atteb Gabrod). 


the taxonomist, except as regards smaller groups. Thus 
the PlataleidsB have been distinguished from other Herodiones 
as ' Lipoglossae.’ 

Teeth are not met with in living birds. Eose, however, 
has discovered what he believes to be a rudimentary tooth 
band (* Zahnleiste ’) in Sterna,^ a discovery which may have 

* This has been recently confirmed by Miss Cablsson (‘ Ueber die Schmelz- 
leiste bei Sterna hirundo,* Anat» Anz zii. 72 ), who found it to characterise both 
jaws. For other embryonic traces of teeth see P. Fbaisse, ‘ Uber Zahne u. Zahn- 
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some added significance in view of the possible relationship 
to modern birds of the cretaceous Ichthyornis (cf. below). 
The need for teeth seems to have disappeared with the 
development of a homy bill, the replacement of the one 
structure by the other being, perhaps, comparable to the 
replacement of functional teeth by horny plates in the 
Omithorhynchus. Functional teeth, however, existed in 
the Jurassic Archmopteryx and Laopteryx (?), and in the 
toothed birds of the cretaceous epoch, Hesperornis and 
Ichthyornis, In the latter the teeth are in sockets, in the 
former in grooves. In both the teeth are numerous, but 
not, perhaps, extending on to the premaxillaries ; the teeth 
show no specialisation in different regions ; they are of 
dentine coated with enamel, and in Hesperornis the basal 
portion of the roots consists of osteodentine. 

The Eocene bird (from the London clay) Odontopteryx 
toliapicus has a strongly serrated upper jaw, a state of 
affairs which is paralleled in the South American passerine 
Phytotoma rara. In this latter bird, as Parker has pointed 
out,* there is a ' row of clearly defined denticles, both along 
the dentary and palatine ridges of the premaxillary.* He 
suggests that in thesQ birds and in the merganser, where 
similar ‘ denticles ’ occur, the bone of the jaw has growm 
into arrested dental papillae. 

The oesophagus dilates in a few birds into a crop, which 
is more highly specialised in Opisthocomus (q.v.) than in any 
other form. When the*crop is well marked it consists of a 
spherical to oval dilatation of the oesophagus, which in 
pigeons is divisible into a right and left half and an inter- 
mediate unpaired portion. The gallinaceous birds, the 
parrots, and among the Limicolse the American genera 
Thinocorys and Attagis, are provided with a crop. In other 
birds a slight dilatation of the oesophagus, either permanent 

papillen bei Vdgeln,’ J,B. nat, Ges, Leipzig, 1882, p. 16 ; A. F. J. C. Mayer, 
‘ Zahne im Oberschnabel bei Vogeln,’ Ac., Froriep's Notiz, xx. 1841, p. 69 ; 
Blanchard, * Observations sur le Syst^me Bentaire chez les Oiseaux,’ Comptes 
Bend, 1. 1860, p. 640 ; M. Braun, ‘ Die Entwicklung des Wellenpapageis,’ Arb- 
ZooL ZooL Inst, Wilrzb, v, 1879. 

^ In his memoir upon aegitbognathoua birds. 
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or temporary, foreshadows the fully developed crop of ithe 
birds mentioned. 

The stomach * consists of two compartments following 
each other, the glandular and the more mus- 

cular gizzard. The proportions of these two segments of 
the stomach vary, and both are much reduced in the 
hoatzin, whose crop appears to take on the function of a 
gizzard. The proventriculus is usually, but not always, 
separated by a marked constriction from the gizzard, and has 
a patch of large glands which generally forms a band lining 
the upper part of the sac and continuous right round it ; to 
a proventriculus in which the glandular patch is disposed in 
this fashion the term ‘ zonary ’ is applied. More rarely the 
patch of glands is a single oval or round patch not continu- 
ous roimd the proventriculus, or there may be two such 
patches. In Plotus anhinga the two patches of proven- 
tricular glands are contained in a special diverticulum 
of the proventriculus. In Tantalus ibis Mitchell^ has 
described a remarkable divergence from the usual structure 
of the proventriculus. In this bird the glandular areas are 
two, as in other storks. Above these is a row of crypts, 
which are partly glandular and partly lymphatic, and are 
believed to be organs for the absorption of water. Among 
the Steganopodes and in other birds the proventriculus is 
much larger than the gizzard, which follows. In certain 
tanagers this state of affairs culminates in the apparen^t 
absence of the gizzard as a distinct structure (see below). 
Lund and Forbes have mentioned a number of tanagers in 
which this occurs. The gizzard is more muscular in grain- 
eating and in some other birds than it is in flesh- and fish- 
eating birds. It is strong and hard and lenticular in form in 
the Oalli, Balli, &c., bag-like and soft-walled in the heron, 
&c. The lining of the gizzard undergoes a remarkable 
modification in certain pigeons (q.v,), where it may be even 
ossified. 

* ‘ On the Proventrioular Crypts of Paeudotantalua ibis,* P. Z, S. 1895, p. 271. 

* A comprehensive work upon this organ is that of Cazin, Ann. 8ci. Nat, (7), 
iv. 1887, p. 177. See also the same,' ‘ Structure et M^canisme du G^sier des 
’Oiseaux,’ Bull. Soc. Fhihm. 1888, p. 19. 
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rfThe intestiiie of birds varies much in proportional as well 
as (naturally) in actual length. In the systematic part of 
this work a number of actual measurements will be found ; 
from these it is obvious that on the whole purely frugivorous 
birds have a short gut, while fish- and grain-eating birds have 
a long gut. To compare, for example, two birds of roughly 
the same size but of different feeding habits, the touraco 
and the common pigeon, we find in the former a gut of 
42 c.m., and in the latter of 108-182 c.m. As the gut is 
always longer than the abdominal cavity in which it lies, it 
has to be thrown into folds in order to find room. 

In the embryo chick the gut is straight and is supported 
by a continuous dorsal mesentery of equal vertical diameter 
throughout. The coiling is both lateral, which results in 
lateral foldings of the mesentery, and vertical, which results 
in unequal growths of the mesentery. It only affects the 
middle part of the alimentary tract, the oesophagus and 
stomach on the one hand, and the rectum on the other, or 
at least a part of it, retaining the original straight condition. 
The lateral foldings give rise to secondary connections 
between different regions of the mesentery, and tend to 
obscure the course of the gut ; but it is easy, by carefully 
removing the entire intestine to distinguish these secondary 
mesenteries from the primary sheet binding the gut to the 
dorsal body wall. 

• When the body walls of a series of birds are removed, and 
the disposition of the intestines thus shown examined, they 
have been found to present great differences. These have 
been studied and described by Gadow in two memoirs,* and 
the main results extracted for the account of the digestive 
system in Newton’s ‘ Dictionary of JBirds.’ It is mainly 
from the latter work that the abstract here given is drawn. 

In a goose, for example, the main disposition of the 
intestinal folds is in a longitudinal direction ; they run 
parallel with each other in a direction roughly coinciding 

^ * Versuoh einer vergleichenden Anatomic dec VerdauungBsystcmes der 
V6gel,* Jen. ZeUschr. xiii, 1879, pp. 92, 889 ; ‘ On the Taxonomic Value of the 
Intestinal Convolutions in Birds,’ P. Z, S. 1889, p. 808. 
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with the long axis of the body. On the other handcthe 
intestines of a gull, seen when the body wall is cut through 
and without any other disturbance, have a watch spring-like 
arrangement. In Platalea the coils are parallel, but mainly 
at right angles to the long axis of the body. 

These and other variations have been mapped out by 
Gadow into seven principal schemes, which are represented 



Fig. 7. — Intestinal Loopp (after Gadow). 

a, iaocoBloos ; antic(BU>us ; c, antipericcolous ; idopericaOous ; e, cycloocelous ; t 
plagioccBlous ; A. telogyrous ; f*, pylorus. 

N.B.— The ascending branches arc dotted. 

in the annexed cuts. These are, of course, not accurate 
pictures of the actual course of the gut, but diagrams ‘ of the 
principal relative positions ’ of the intestinal loops ; and it 
must be further explained, in relation to another mode of 
mapping the intestine that we shall refer to immediately, 
that the diagrams, mainly if not entirely, concern the lateral 
foldings of the mesentery that have been already mentioned ; 
they are representations, in fact, of the relations of the 
folding of the gut to the body cavity and not to the medial 
line of attachment of the mesentery ; nor is any attention 
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paid to fixed points in the intestine, such as the caeca or the 
vitelline duct. They express, however, an interesting series 
of facts. The general term of orthocoelous is applied to 
those cases where the folds are as a rule parallel to each 
other and in the long axis of the body. When they form 
spirals the general term of cyclocoelous is applied to them 
by Gadow. 

The prevailing number of loops is four, of which the first, 
the duodenal (which contains the pancreas), is a loop which 
rarely undergoes additional twisting. The orthocoelous con- 
dition may be regarded as the starting point. The cyclo- 
coelous arrangement, as will be seen by the figure, is derived 
from the orthocoelous by the conversion into one spiral of 
the second and third loops. In all the Fasseres the cyclo- 
coelous arrangement is arrived at by a spiral twisting of the 
middle or second loop only (there being but three loops) ; 
this kind of gut has been termed by Gadow mesogyrous. 
The Limioolae, which have a spiral formed by the second and 
third loops, are also, of course, mesogyrous ; but it is clear that 
a similar state of affairs has been arrived at independently. 
Finally, there is the telogyrous condition, in wliich merely the 
end of a given loop or loops becomes twisted into a spiral, 
the rest remaining straight. This is shown in the last of 
the series of figures on p. 24. In such cases, as in the one 
figured, the duodenal loop rarely, but still occasionally, under- 
gpes a twisting. The plagiocoelous condition is an irregular 
twisting of the ends or of parts of the loops of an orthocoelous 
gut. These varied arrangements of the gut may be recog- 
nised in most birds ; but there are a few exceptions of which 
note must be taken. In certain fruit-eating birds, such as 
Carpophaga, Bhamphastos, the gut is sb short and wide that 
the number of loops is reduced, and the arrangement quite 
undecipherable. On the other hand the extremely lengthened 
gut of the fish-eating Pandion produces an equal confusion. 

Since Gadow’s description of the coils of the intestinal 
canal in birds the subject has been studied from another point 
of view by Chalmers Mitchell.' Gadow considers only 

* ‘On the Intestinal Tract of Birds,* P. Z, S, 1896, p. 186. 
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the way in which the folds of the gut are packed away in«the 
body cavity. Mitchell describes the actual coiling of the gut 
itself. In its simplest condition the gut of any animal, as is 
shown in their embryos, is a straight tube, passing from the 
stomach to the cloaca, supported by a continuous dorsal mesen- 
tery, the ventral mesentery being in nearly all vertebrates 

defective so far as the intes- 
tinal region is concerned. 
This simple condition is, 
however, not retained in any 
existing bird ; in all the length 
of the tube is to some extent, 
generally to a large extent, 
longer than the body. The 
alligator (fig. 8) offers the 
ideally simplest condition of 
a coiled intestine, where ad- 
ditional length is achieved 
without any complications 
of the gut, merely by its 

Fifl. ^.-Alligator Miuissiinc,t.ns ; thrown into a series of 

Alimentary Tract (after Chalmers folds, of which all are more 
Mitchell). alike. So simple a 

condition as this does not occur in any known bird. But 
there is more than one type in which this arrangement is 
retained with but little modification. It is a significant fa«t 
that the most primitive arrangement of the folds of the 
intestine, judged from the crocodilian standpoint, than which 
we have none other more nearly approximating to the 
probable reptilian ancestor of birds, is found in birds which 
other considerations lead us to assign a low position in the 
avian series. In the accompanying drawing (fig. 9) of the 
screamer, for example, we have a gut which is but slightly 
advanced from that of the crocodile. The greater part of 
the small intestine shows the same series of undifferentiated 
folds, only the duodenal loop (not missing as a specialised 
fold in any bird) being separated off from the general coiling. 
The large intestine, however, differs from the short and 
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straight large intestine of the crocodile by its convoluted 
course. So too with the gallinaceous bird (fig. 10), where 



Fi(i. 9. — Otaima cJiavaria ; Alimentary Tract. 

proveiitricuhiH ; g, glandular tract ; rf, duodenal loop ; /-/, large loop of amall 
intestine ; p, vitelline «lu(’t ; r, caeca ; /.i, large intestine ; portal vein ; /-.c, 
rectal vein. (After Chalmkrs Mitchkll.) 



Fia. 10. - Argus giganteus^ Chick ; Intestinal Loops 
{after CHAXiMERS MiTCHSLL). 
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the duodenal loop is again the only specialised region of«the 
intestine. 

The ostrich and the cassowary present but little modifi- 
^ — V. cation of the same 

primitive type of gut. 
I I former we have 

J I rather more com- 

plicated duodenal loop, 
X which is furnished with 

a(^\ V ^ small subsidiary fold. 

^ Then, too, the large in- 

\ testine has the same 

VQ \ remarkable folded con- 

vM 1 dition seen, but to a 

tWj less extent, in Chauna, 

Fig. l\.—Casnarins ; Intestinal Tiuct Casuarius is simpler 
(AFTEB CUALMEK.S MiTCHELL). ^hall Strilthio. Ill all 

these figures (taken 
from Mr. Mitchell’s 
paper) the course of 
the principal blood 
vessels is shown ; only 
the veins, as the arteries 
were found invariably 
to accompany the veins. 
It will be observed that 
the principal feeder of 
the portal vein runs 
directly across the main 
mesenteric fold, and 
ends near to the vitel- 
line duct, the rudiment 
of the yolk sac ; from 
Tkact. ^'he junction of this 

sbort>cirouiting veMel out aoro8«. <After with the main Stem Of 

Chalmkiib Mitchell.) . . 

^ the mesentenc vein 

arise twfi^ther vessels ; one of these supplies the duodenal 
loop, tilie other the large intestine; there is sometimes a 



Fig. 12. — Struthio camelus\ Intebtinal 
Tkact. 

sbort>cirouiting veMel out aoro8«. (After 
Chalmkiib Mitchell.) 



Fio. 14. — Ara araraufia ] Intestinal Tract. 
X, as in ag. 12. (Alter Chalmkiis Mitohkll.) 


In other groups oi birds this simple state of affamyH farther 
evolved,' but in some there are remains of the pipmitive 
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folded intestine for a greater or less extent ; thus in" the 
penguin a good deal of the intestine retains the early 
system of folding. But this bird is remarkable for the 
extraordinary comphcations of the duodenal loop, which has 
become enormously lengthened, and, in Eudyptes, thrown 
into a series of secondary loops, which in Aptenodytes 
are arranged in a spiral — a convergent resemhlance, thinks 
Mitchell, to Haliaetus (see above, fig. 13). Platalea, 
which, possessing as it does the complete muscle formula of 
the leg, must be regarded as a primitive type among the 
storks, has the greater part of the small intestine disposed 
in the primitive fashion ; the duodenal loop is, of course, 
distinct, and there is also a well-marked long loop just 
before the large intestine. Haliaetux albicilla, to which 
reference has just been made, is less divergent from the 
primitive form than many other birds, and Lanis viarinus 
has preserved considerable traces of the same. Among the 
most specialised birds from the present pt)int of view are 
the parrots (see fig. 14) . 

In Ara, at any rate, there is nothing left of the original 
primitive folds of the intestine ; the whole of its course is 
disposed into six specialised loops. The owls and the Capri- 
mulgidae appear, according to Mitchell, to have preserved 
much of the primitive short, convoluted loops of the lower 
birds, and so, though to a less extent, has Corythaix. The 
very short intestine of the Passerei, represented here by Paras 
major, is not so easy to understand, but its general appearance 
is that of a primitive gut. Some further details will be found 
in the succeeding chapters, under the different families to 
which they refer. 

The c»oa lie at the commencement of the large intes- 
tine, which indeed can be, as a rule, only differentiated from 
the small intestine by the break thus caused. This is, how- 
ever, not invariably the case, for in Struthio (see fig. 12, p. 28) 
there is a distinct break between the two sections of the 
gut, quite independent of the caeca, which can be readily 
seen from an inspection of the figure cited. The c®ca are 
among the most variable organs of birds. Not only are they 
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soDietinies completely absent, as in the majority of that 
large assemblage of birds the picarians, but when present 
they show every degree of relative size. In the Passeres, and 
in some other birds, the two cseca are the merest nipples, 
which cannot be believed to serve any function. They are 
in the same way reduced in size 
in the hawks and storks. On the 
other hand, in the gallinaceous 
birds, in the LimicolsB, and in some 
others the caeca are large tubular 
diverticula of the gut, the length 
being sometimes to be measured 
by inches. Among the owls the 
ciPca are large, and have the Fio. lo.—Parut, major. 
additional peculiarity of being 
swollen at the blind extremity. 

The caeca are most complicated in the ostrich, the screamers, 
and the tinamou Calodromas, under the descriptions of w hich 
birds wdll be found an account of this organ. The herons 
are remarkable for the fact that one of the two caeca has 
disappeared, the remaining one being but small. 

The liver is invariably composed of two lobes, of which 
the left often shows a more or less distinctly marked 
secondary division. The size of the lobes varies greatly, as 
does their relative size. Thus in some birds the liver lobes 
are quite hidden by the sternum ; in others again they 
descend some w^ay down below^ the shelter of that bone and 
are apparent when the muscular w^alls of the abdomen are 
cut through or removed. The two lobes are occasionally 
equal or subequal in size ; more generally there is a dis- 
crepancy, the right or left, as the cause may be. being the 
larger, sometimes very much the larger. The tw^o lobes of 
the liver are commonly firmly attached to each other by a 
bridge of hepatic tissue. In Chauna they are nearly separate, 
being only united by a very narrow isthmus of liver substance. 
The liver sometimes {e.g. in lihynchotus rufescens) has two or 
three small vessels, belonging to the portal system, entering 
its substance at the free edge, a state of affairs which has a 
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The gall bladder is an organ which is not invariably 
present in birds. It is even sometimes present and some- 
times absent in the same family (e,g, parrots). As a rule 
this vessel is of a rounded or oval contour and is embedded 
on the surface of the right lobe of the liver. The PicidsB, 
Capitonidae, and Rhamphastidse are remarkable for the 
extraordinarily elongated gall bladder, which reaches a long 
way down the abdominal cavity; this is described more 
fully below. The penguin has an almost equally elongated 



Fill. 17. — Duopkni’m of Syrrhapte^. Fio. 18. — Duodenum, Bile Ducts, iiND 
Kail blwldcr : f/.r, vy<ic duct : dx Pancheatic Ducts of another Syr- 

hepadoduct; f/./d. </. pancnntir rhaptes (AFTER Brandt)-. 

diiots. (After Buanot.) 

gall bladder. The position of the apertures of the cystic 
and hepatic ducts upon the small intestine varies. The 
ostrich is remarkable for the fact that the single duct opens 
practically into the stomach. 

The paaoraM lies in the fold of mesentery that unites 
the two arms of the duodenal loop. It is commonly more or 
less distinctly composed of two parts, and in relation to this 
there are two pancreatic ducts which pour its contents into 
the duodenum. Apparently, however, no value can be 
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attached to either the form of the gland or the numbenand 
position of the orifices of its ducts. In Syrrhaptes para- 
doxuSy for instance, both of the arrangements figured in the 
accompanying cuts have been found by Brandt, who inves- 
tigated the structure of the bird. In one of them both 
ducts open close to each other and to the cystic duct on the 
ascending part of the duodenal loop ; in the other the cystic 
and hepatic ducts w’ere on opposite sides of the duodenal 
loop, and in common with each opened a single pancreatic 



Fio. 19 . — Duodenal Loops of Fio. 20 . — Duodenal 

Rhea americana. Loop of lih. Darwini. 

he, bile daots ; p\,p% ]mncrcatic ce,he^ bile (lact«; p\,p% pan- 
ducts. (After Gadow.) creatic ducts. ( After Gadow.) ^ 

duct. This latter arrangement was found by Gadow in 
Pterodes. In two species of Bhea the relative positions of 
the pancreatic and bile ducts were as is shown in the figures. 
In the owl Photodilus badius I found that the cystic duct 
opened near to the summit of the ascending arm of the 
duodenal loop ; below this opened the hepatic duct, and 
some way below this again, and near together, the two pan- 
creatic ducts. A good many details upon this subject will 
be found in Gadow’s paper on the digestive organs of birds. 

The cloaca of birds is the terminal chamber of the 
alimentary canal, which also receives the urinary and genital 
ducts, and is provided with an appendix of unknown function. 
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thaiso-called bursa Fabricdi. Gadow, in a recent work • upon 
this region of the alimentary canal, recognises three cham- 
bers in the cloaca. Above, and separated by a constriction 
from it, is the coprodaeum, into which the rectum opens ; 
this is divided by a constriction from the middle chamber, 
or urodaeum, which receives the genital and urinary ducts ; 



Fig. 21. -Cloaca op Chauna derbiunn laid open from in front. 

• a, rectuuj ; 6, orlllces of ureters ; ^nital papillse ; c, fold separating ooprodaium fn»m 
iiroilffium ; fold 8(>]wrating luxHleeum from proctodaeum ; r, oponiiig of /, bnrsa 
Fabricii. (After PouBKS.) 

then follows the proctodoeum, of which the bnrsa Fabricii 
is a diverticulum. 

The bursa Fabricii has been chiefly investigated by 
Forbes * and Wenckebach.* It is a dorsal diverticulum of 
the proctodeeum, and therefore has nothing to do with the 

‘ ‘ Remarks on the Cloaca and on the Copulatory Organs of the Amniota,’ 
PhiL Trans, vol, olxxviii. p. 6. 

^ ‘ On the Bnrsa Fabricii in Birds,’ P. Z. S. 1877, p. 304. 

• ‘ De Ontwikkeling en de Bouw der Bursa Fabricii,’ Inang , Diss, Leyden 
1888. See also E. Retteret, ‘ Contribution ^ I’Etude du Clooque,* Ac., J, de 
I. xxi. 1886, p. 869. 
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ventral bladder of other vertebrates. It is largest in yc^ng 
birds, and often becomes obliterated in older birds. The 
general relations of the bursa to the cloaca are shown in 
the two accompanying figures. The organ contains a 
quantity of lymphatic follicles, and presents us with two 
types. In most birds it is a diverticulum opening by a 
narrow neck into the proctodsBum ; but in the struthious 
birds (in the young at any rate) it is not constricted at its 
orifice into the proctodaeum, and the boundaries of the two 
are therefore indistinct. The structure and arrangement of 




Fio. 22. — Two Types of Bvbsa. 

iR, ooprcxlaeum ; C, urodaeum ; />, proctodaeum ; bursa ; d, ureters. (After FoiiBKb.) 

the follicles and of the bursa generally have led Wexckemann 
to certain classificatory conclusions. 

Beproductive and Benal Organs 

The kidneys are so unimportant from the point of viaw 
of the present book that they can be dismissed in a few 
words. Each kidney is a loDulated organ lying in the pelvic 
region, so closely in contact with the adjacent bones that 
they are marked by grooves upon the dorsal surface. In 
some hombills each kidney is divided into an anterior and 
a posterior piece, which are perfectly separated. A ureter 
runs from each kidney to the urodaeum. 

The reproductive organs consist of a pair of testes in the 
male, and of one, rarely two, ovaries in the female. Corre- 
sponding to the single ovary (the left) is a single oviduct, 
the right one remaining rudimentary. Ballowitz * has 

* ‘ Untersuchongen liber die Struktur der Spermatbzoen,* drc., Arch. Mikr. 
Anal, xxxii. 402. 


REPRODUCTIVE AND RENAL ORGANS 


37 


figured the spermatozoa of many birds, whence it appears that 
their form is often characteristic, and may be of systematic 
use. A penis is not present in all birds ; it exists in the 
Struthiones, the Anseres, Tinami, Herodiones, Galli, and 
(Edicncmus. It is a paired organ — that is to say, it is 
composed of two incompletely joined halves with a longi* 
tudinal groove. 


The Coelom 

Birds differ both from reptiles and mammals in the com- 
plication of the subdivisions of their body cavity. The 
subject is one that is far from being thoroughly worked out, 
but enough information has been collected to allows of a 
certain amount of definite statement and of comparison 
with other animals. 

When a bird is dissected in the usual way from the 
ventral surface, the abdominal cavity, or at least the cavity 
containing what are generally termed the abdominal viscera — 
i.e. liver, intestines, &c. — is seen to be divided into two by a 
toughish septum, which varies in extent according to the 
bird dissected. This membrane, to which attention has 
been directed by Weldon’ under the name of ‘ 
ploon,' has been investigated in a number of birds by me.‘^ 
Its relations in the common fowl have been described with 
the aid of diagrammatic representations of sections by 
Bittler.’^ 

This membrane, believed by Mall^ to be the actual 
homologue of the omentum of the mammal, is more or less 
horizontal in direction, so that it may be conveniently 
termed, without prejudice to its homologies, the ‘ horizontal 
septum' This horizontal septum is attached to the ventral 
body wall, to the oblique septa (of which see description 
later), and to the gizzard, which viscus appears to lie within 

* In hifl memoir upon the anatomy of the storks and flamingo in P. Z, S, 

1888, p. 088. 

* Notes on the Visceral Anatomy of Birds,’ ]\ Z. S, 1885, p. 836. 

* * On the Subdivision of the Body Cavity in Lizards, Crocodiles, and Birds,’ 
P. Z. 8, 1889, p. 452. 

* Joum, Morph. 1891. 
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the thick septum, in a cavity formed by the splitting of^ its 
layers. Anteriorly the horizontal septum, passing forwards, 
lies beneath the liver, coming into relations on each side 
with a cavity which will be referred to later as the ^ pulmo- 
hepatic recess' 

If, therefore, the abdominal walls of the bird have been 
cut through anteriorly to the attachment of the horizontal 
septum to the abdominal w'alls, the only abdominal viscera 
exposed will be the gizzard and the liver lobes. These 
latter are separated from each other by the median vertical 
^falciform ligament,' which is continued backwards to divide 
the cavity into right and left halves. 

If, on the other hand, the abdominal walls of the bird 
have been cut through posteriorly to the attachment of the 
horizontal septum to the abdominal w^alls, the viscera 
exposed will be the intestines and kidneys and not the 
liver. 

In some birds — for instance, in the duck, and in many 
charadriifonn birds — the horizontal septum is so short 
behind the gizzard that the latter is closely attached to the 
abdominal parietes by what looks at first sight almost like a 
pathological adhesion, due to peritonitis. On the other 
hand in many storks, in Chauna, Cariama, struthious and 
other birds, the horizontal septum is verj^ extensive, reaching 
back to the immediate neighbourhood of the cloaca. Various 
intermediate stages are offered by other birds. * 

The Oblique Septa. — Keference has been already made to 
these structures, which are present in all birds, and concerning 
whose homologies there is some divergence of opinion. Their 
structure and relations are as follows : On either side of the 
body is a tough fibrous sheet of membrane, which runs an 
oblique course (hence Huxley’s name^ of oblique septum'), 
entirely enclosing and shutting off from the abdominal cavities 
(dorsal and ventral) the lungs and air sacs, with an excep- 
tion to be noted immediately. These oblique septa have, 
as Huxley pointed out, a tent-like arrangement, coming 
into contact with the median septum in front of the heart, 

* ‘ On the Respiratory Organs of Apteryx,^ P. Z. 8, 1882, p. 660. 
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thetice diverging to be attached ventrally to the sternum 
along two lines, one on each side, set obliquely to the median 



Fi«. 23 . — Kespiratoby Obgans of Duck. 


r, ttlr saoH ; Tr, tmohea ; dorsal margin ; v.a.ly ventral margin of lungs; 1 -3, dissepiments 
between air sacs ; Ao^ aorta ; r.a, coeliae artery ; w.a, mesenteric ; m, muscnlar fibres on 
oblique septum ; VJS, vertical median septum ; Z,.f, longus colli ; A', kidney. (After Hi'XLKY.) 


CXL. yg 



v.a,l, M ^ ‘ 

Fig. 24.— Kbspibatory Organs of Apieryx. Lettering as in Fig. 23 
(after Huxley 
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attachment of the falciform ligament. Dorsally they* are 
attached to the parietes. As a general rule the abdominal 
air sac is the only one of the posterior air sacs (see fig. 23) 
which is not enclosed within the oblique septa ; in all birds, 
so far as is known, except the Apteryx, the wall of this aii* 
sac ‘ has been apparently driven out, like a hernial sac, 
between the peritoneum and the parietes, and projects into 
the abdominal cavity.’ In Apteryx the air sac in question 
is completely enclosed by the oblique septum. Another 
exception to the statement made above as to the completely 


6 



Fig. 25 . — Dugbammatic Tbansverhe Section of Emu, to show the Pho- 
.lECTioN OF Oblique Septum. 

rt, as a free fold ; 6, falciform ligament. * 

dissepimental nature of the oblique septa occurs in a few 
birds {e.g. emu and Cariama), in which the posterior end 
of the oblique septum, though firmly attached to the dorso- 
lateral parietes, is not so attached ventrally, but projects 
into the abdominal cavity as a free fold. In these cases the 
free fold is double (see fig. 25), the inner half being conti- 
nuous with the horizontal septum. To the possible signi- 
ficance of this fact we propose to return later. 

The oblique septa are, as has already been stated, mem- 
branous, but they are occasionally and partially invaded or 
covered by muscular tissue. Huxley speaks of ‘ unstriped 
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muscular fibres * in the oblique septum of the duck ; and in 
the puffin ^ (Fratercula arctica) and the penguin (Eudyptes, 
Eudyptula minor and Spheniscus demersus) the posterior 



Fl(l. 20. —DlAGllAM OF A TRANSVEESE SECTION THROUGH 

Thorax of Duck. 

Ii,L^ lobes of Urer ; Ly luugs; horizontal septum ; 0.5, oblique septum. 



Fig. 27. —Similar Diagram of Crow {Corvus capellantis), 

Oy rudimonts of stemal attachment of oblique septum. Other letters as in flg. 26. 

part of the oblique septum is largely covered with a thickish 
' layer of muscular fibres, which Filhol * (their describer in 

* Bbhhari), ‘Notes on the Visceral Anatomy of Birds/ II. ‘On the Bespi- 
ratory Organs in certain Diving Birds/ P. Z. S, 1888, p. 252. 

' Snr la Constitution du Diaphragme des Eudyptes' Bull. 8oc. Philom. (7), 
vi. p. 285, 
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Eudyptes) has termed ‘ muscle diaphragmatique transverse.* 
These muscles are, however, striated ; but the duck is not 
the only bird with unstriated fibres in the oblique septum, 
for these also occur in the toucan. 

In all birds, with the exception of certain passerines — 
possibly of the entire group of passerines — the oblique septa 
have the structure and relations that have been thus briefly 
described. In passerines * they have undergone what appears 
to be a modification. The oblique septa of each side, instead 



Fig. 28. — Viscera of Rook displayed by Removal of Abdominal Waij^. 

Sff gizzard ; X, liver; OJ^, oblique zeptnm. The liver ooverctl by a utembraiie 
continuous with the oblitiue septa. 

of being attached independently to the sternum, become 
fused with the falciform ligament in the middle line, and 
form a horizontal sheet of membrane covering over the two 
lobes of the liver. The original (?) attachments of the 
oblique septa are not, however, in these birds entirely lost ; 
a much fenestrated membrane — sometimes, indeed, reduced 
to a thread or two — remains to remind the anatomist of the 

' Bedkabd, ‘ On the Oblique Septa in the PasRerines, an d in some other 
Birds,’ P. Z. 8. 1896, p. 226. 
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nid!*e prevalent conditions. In the rook, however (fig. 28), 
they are completely preserved. But the attachment of the 
falciform ligament to the sternum in the median line is lost. 

The cutting off of two lateral sections of the body cavity 
by the oblique septa, and the division of the remainder by 
the horizontal septum, do not, however, exhaust the sub- 
divisions of that space. The liver lobes are attached, as is 
so common among reptiles, to the oblique septa, in the 
neighbourhood of the lungs, by what may be termed the 
pulnio-hepatic ligaments. In making the comparison with 
reptiles we assume for a moment the correctness of Butler’s 
contention that the oblique septa are in reality a portion of 
the pulmonary aponeurosis, a view which will require a 
careful re-examination. This ligament assists in closing 
tlu^ pulino-hepatic recess, which is really an extension forward 
of the abdominal cavity, as shown by Mall’s instructive 
figures of casts of the perivisceral cavity of birds. They are 
narrow cavities, one on each side of the body, walled and 
floored by the ligament mentioned, and by the oblique and 
horizontal septa. The aperture of entrance has been com- 
pared to the foramen of Winslow of the mammal, and so 
named. In some birds there are no further complications of 
the thoraco-abdominal coelom, but of others there are still 
a few facts to relate before dealing with the homologies of 
the various spaces and membranes. In the Australian pas- 
sSrine Struthidea cincrea the liver lobes are each partitioned 
into two by a transverse septum, which runs from the falci- 
form ligament in the middle line to the oblique septum on 
either side. This septum, which is clear and transparent, 
does not actually divide the liver lobes ; it arches over each 
with a free crescentic margin. In some other birds similar 
septa are present, with very nearly the same relations. In 
hornbills, cuckoos, and owls — at any rate in some species 
of each family — the two liver lobes are each completely 
shut ofif from the ventral section of the abdominal cavity 
(the ‘ subomental space,’ as it has been termed) by delicate 
partitions, of which one only, the left, is present in some 
other birds, e.g. Chrysotis Guildingi. The same appearance 
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distinct from, and present in addition to, the horizontal 
septum. 

Homologies of Oblique and Horizontal Septa. — Sir Eichaed 
Owen in the year 1838 described the oblique septa of the 
Apteryx^ as 'a well-developed diaphragm.’ His figure, 
indeed, is highly suggestive of the mammalian diaphragm, 
more so than are (in our opinion) the actual structures 
observable in the dissection of the bird. Owen assumed 
that the structures corresponded, contenting himself with 
indicating the principal differences between the avian dia- 
phragm and the mammalian, and pointing out how Apteryx 
was nearer to mammals than any other bird. This assumption 
was undoubtedly based upon current opinions of the day, for 
in the ‘ Lec/ons d’Anatomie Comparee ’ of Cuvier (ed. 2, 
vol. vii. p. 21) such a comparison appears to be drawn. As 
Owen justly observed, the imperforateness of the oblique 
septum of the Apteryx is more mammalian than in other 
birds, even struthious, w’here the abdominal air sacs project 
beyond it ; the obliquity of its direction, too, is paralleled in 
the dugong and manatee, and it is furthermore less oblique 
than it is in other birds, 

Sappev and Milne-Edwards also use variants of the 
word ‘ diaphragm ’ to describe w hat w^e term in the present 
work, following Huxley, the oblique septa. But for the two 
first-named observers the costo-pulmonary (see under descrip- 
tion of lungs, below) muscles also form part of the diaphragm. 
The older observers, impressed with certain resemblances 
(such as warm-bloodedness) between birds and mammals, 
regarded them as more nearly akin than is at present the 
belief. Hi;XLEY devoted much work to the demonstration 
of the nearer relationship between birds and reptiles—a 
relationship which is now generally held. In redescribing 
the respiratory organs of Apteryx Huxley pointed out 
their thoroughly ornithic character, and remarked that ‘ in 
this, as in all other cases, the meaning of ornithic peculiari- 
ties of structure is to be sought not in mammals, but in 
reptiles.’ It is on a priori grounds likely enough that there 
‘ * On the Anatomy of the Southern Apteryx,* Trans. Zooh Soc. ii. 276. 
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are structures in birds comparable to the diaphragm* of 
mammals; but in that case the likeness would be due to. the 
derivation of both from a common form, perhaps low down 
in the reptilian series. At any rate certain anatomical facts 
forbid a precise comparison of the entire oblique septa of the 
bird to the mammalian diaphragm, though, as will be shown 
in the sequel, there appear to be a few* genuine resemblances 
which can hardly be got over. Huxley emphasised the fact 
that in the bird the heart lies behind the so-called diaphragm^ 
which is moreover not supplied by a phrenic nerve. If com- 
parable to any structure in the mammal, it is with the medias- 
tinum that they should be homologised. As to the phrenic 
nerve, several considerations present themselves; it is, it is 
true, a specialised nerve, but it is spinal in origin. Now in birds 
it is also branches of spinal ner\^es wdiich supply the oblique 
septa. In the mammal it may be that the pulling out of the 
phrenic nerve may be due to a cause similar to that which 
has produced the looping of the recurrent laryngeal nerve. 
When nerves are drawn out by a change in position, or by an 
elongation of the structures which they supply, there is at 
least a tendency for their roots of origin, of many, to fuse 
into a single nerve ; witness, for instance, the limb neiwes 
arising from the anterior and posterior plexuses. The fact 
that the spinal nerves which form the limb plexuses are not 
always exactly the same has not led to any very serious 
belief in the serial homology only of the fore limbs in auy 
two vertebrates which show' these differences. The lungs, 
and consequently the diaphragm (assuming for a moment its 
correspondence with the mammalian diaphragm), are further 
back in birds ; hence their different nerve supply. If we 
look upon the posterior portion of the oblique septa, which is 
alone, be it observed, muscular, as the homologue of the 
lateral parts of the mammalian diaphragm, the rest being 
absent, no great violence to the mutual relations of the 
different structures concerned will have been done. In any 
case it may well be that both the mammalian diaphragm 
and the avian have been derived from some such reptilian 
structure as is to be seen in the crocodile. 
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^Professor Huxley * has made such a direct comparison. 

‘ As in birds, the liver [of crocodiles] lies between the 
stomach and the pericardium, and has a peculiar peritoneal 
investment, shut off from the great sac of the abdomen ; and, 
as in the ostrich, the whole circumference of the stomach is 
united by fibrous tissue with the parietes. A fibrous expan- 
sion extends from the vertebral column over the anterior face 
of the stomach, the liver, and the dorsal and front aspect of 
the pericardium to the sternum and the parietes of the 
thorax, separating the thoraco-abdominal space into a respi- 
ratory and a cardio-abdominal cavity, and representing the 
oblique septum of the bird/ Further on we read : ‘ A broad 
thin muscle arises, on each side, from the anterior margin of 
the pubes ; and its fibres pass forwards, diverging as they go, 
to be inserted into the ventral face of the posterior part of 
the pericardium, and into the ventral and lateral parts of the 
fibrous capsule of the stomach, passing betw^een that organ 
and the adherent posterior face of the liver, and being 
inserted into the fibrous aponeurosis which covers the anterior 
surface of the stomach and represents the oblique septum/ 
Professor Huxley seems, according to Butler, to have 
included the ' omentum * with the oblique septa in his com- 
parison with the fibrous expansion and the accompanying 
muscle of the crocodile. I have already pointed out that 
‘ the entire fibrous expansion w'hich arises from the vertebral 
column, and extends over the anterior face of the stomach, 
liver, &c., in the crocodile represents both the oblique septa 
and the omentum in the bird.’ A justification for this 
opinion is to be seen in the dissection of an emu and one or 
two other birds. We have occasionally observed that where 
the posterior part of the oblique s^ta is free from the 
abdominal walls, ending, in fact, in a free edge w’ithin the 
abdominal cavity, this edge is really continuous with the 
horizontal septum, as shown in the cut (fig. 25). The 
oblique septum is thus merely a fold of the horizontal septum ; 
they form one continuous structure. As to the muscles of 
the crocodile mentioned in the quotation just made from 
' * On Apteryx' loc. cit p. 568. 
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Professor Huxley, we have already referred to the existence 
in birds of what may be considered their homologue, and we 
have only to add that in a hombill the left-hand portion of the 
horizontal septum was muscular— that, at any rate, a strong 
band of muscle botmd the gizzard to the left oblique septum. 

Circulatory System 

The bird’s heart is very uniform in structure ; there are 
very few and but slight differences in any part of the heart 
between the most and the least specialised forms. It is, 
however, in certain particulars equally distinctive in structure, 
and differs in a number of well-marked points from the heart 
of either reptile or mammal. As might be expected, the 
reptile which shows the nearest approximation in the anatomy 
of its heart to the bird is the crocodile, while the Monotre- 
mata are the mammals which on the other side occupy a 
corresponding position. 

As with the mammalia the heart is completely separated 
into four chambers ; in the bird the heart has perhaps more 
of an elongated form than in the mammal, the apex (which, 
as in the mammal, is formed by the left ventricle alone) being 
rather more pointed than in the heart of any mammal. In 
a transverse section through the ventricular walls a notable 
difference in the relative dimensions of the right and left 
ventricles for the two types is apparent. It will be notqd 
that in the bird the cavity of the right ventricle is, as it were, 
partially wrapped round that of the left, and is in consequence 
of a decidedly crescentic form. The cavity of the right 
ventricle of the mammal’s heart is more oval in fonn, and is 
not wrapped round that of the left. In this particular the 
Monotremata stand midway between the bird and the higher 
mammals. 

The interest of the structure of the bird’s heart, however, 
largely, for reasons of comparative anatomy, centres in that 
of the valve which guards the orifice from the auricle. The 
interior of that ventricle has fairly smooth walls, a sculp- 
turing so conspicuous in the mammalian ventricle being 
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almost entirely absent. The valve itself, represented in fig. 
30, really consists of two parts, which are distinguished by 
the insertion of a large papillary muscle, which ties the entire 
valve to the free wall of the ventricle. It is only rarely that 
any other representative of the generally numerous papillary 
muscles and chordae tendineae of the mammalian heart occur, 
but occasionally a few muscular threads in addition to the 
single papillary muscle are to be found. Their existence has 
been noted, for instance, in Apteryx australis and in a few 
other birds. It has been usually held that the muscular 
right auriculo- ventricular valve of the bird’s heart represents 

c 


6 


Fio. 30. — Hkakt ov Fowl, Interior Fig. 31. — Heart of Apteryx^ Interior 
• OF Right Ventricle. of Right Ventricle, with Attach- 

papUlary muaolo; 6,<?. valve. (After PAPILLARY MusCLE CUT 

LaNKIKTKU.) THROUGH. 

jr, flap of yeiitricular wall removed with 
muscle. (After Laxkestkr.) 

only one half of the complete valve of the mammalian and 
crocodilian hearts. In these last-meiltioned animals the 
entire circumference of the ostium, which leads from the 
auricle into the ventricle, is surrounded by the valve, which 
thus forms a complete collar. There is, however, an excep- 
tion in the case of the Monotremata, where the septal flap of 
the valve (i.e. that lying on the side of the ostium which 
abuts upon the interventricular septum) is partially or 
entirely absent. On a careful comparison, however, between 
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the bird's heart and that of the crocodile it appears that this 
is not the case. If the hearts of the two animals be 
laid side by side in a corresponding position, it will be 
seen that the crocodile’s heart valve is furnished with a 
muscle which seems comparable to that lettered a in the 
bird’s heart. And, furthenaore, on the septal side of this 
muscle the fibres which in the bird constitute that half 
of the valve have a direction which is quite different from 
that of the fibres in the other and larger half. Finally, 
while the larger half of the valve is never, so far as is 
known, fibrous in character, the lesser half occasionally 
appears to be so w^holly or partially. Thus there are some 
grounds for thinking that the bird’s right auriculo- ventricular 
valve is composed of a complete outer half and of a smaller 
septal half, presenting, therefore, less difference in this one 
particular from the monotrematous than from the crocodilian 
heart.^ 

We can, therefore, derive the bird’s heart as regards this 
valve from a heart like that of the crocodile, in which the 
septal flap has for the most part disappeared. But in one 
bird at any rate there appear to be traces of a still further 
retention of the septal half of the valve. Gegexhauii, who 
some years since wrote an exhaustive paper upon the verte- 
brate heart, ^ made the following remarks about the heart of 
the condor, which in translation run as follows : — 

‘ Only in the heart of Sarcorhampktis do I find a peculi- 
arity which has interest in this connection. From the 
anterior origin of the muscular valve on the septum ventricu- 
lorum a fold nms backwards, which is formed by a thicken- 
ing of the endocardium. The fold runs obliquely backwards 
and downwards, and crosses in its direction the margin of 
the muscular valve. The course of this fold corresponds to 
the line of origin of the membranous valvular flap of the 
crocodile ; I think it reasonable, therefore, to regard it as a 

* See for a fuller account Beddabd and Mitchell, * On the Alligator’s Heart,’ 
P. Z. S, 1896, p. 842. 

^ * Zur vergleiohenden Anatomie des Herzens,’ Jen. Zeitschr. 1666 ; ' Notes 
on the Anatomy of the Condor,^ P. Z. S. 1890, p. 142. 
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remnant of the structure which is further developed in the 
crocodile/ 

I have, since that sentence was written, examined 
the heart of a condor, in which was found along a line corre- 
sponding to where the flap would be, were it present, ^ a 
series of tiny yellowish spots and vesicles . . . probably 
pathological,’ but perhaps, like other pathological structures, 
associated with a rudimentary structure. With this excep- 
tion no trace has ever been found of a septal flap other than 
the small flap already described. 

The left ventricle of the bird’s heart has an auriculo- 
ventricular valve, which is completely membranous, and is 
tied to the parietes of the ventricle by tendinous threads 
attached to papillary muscles. 

There is one more structure occasionally present in the 
right ventricle of the bird to w^hich we must direct attention 
before Itjaving the matter. The late Professor Eolleston, 
in his Hunterian lecture, described and figured in the heart 
of the cassowary a muscular pillar uniting the free and 
fixed walls of that ventricle, to which he gave the name of 
moderator band. This structure occurs in a few other birds 
— for example, in Clmnga Burmeisteriy where it has been 
figured. In the latter bird, however, there are two muscular 
bridges, w hich run in the same direction. One of them is also 
connected with the muscle tying the auriculo-ventricular valve 
to the free wall of the ventricle. This may conceivably be a 
rudiment of the septal half of the valve lying to the right side 
of the heart. In any case these moderator bands, which 
are also found in deer and in other running animals, seem 
to be, according to Kolleston’s suggestion, a mechanism 
for increasing the power of the ventricle to contract, and 
thus ensuring a more rapid and regular flow of blood into 
the lungs. It is characteristic, where it occurs, of running 
animals.* 

* For other factH about the avian heart see A. Sabatier, * Etudes sur le 
Coear,’ <fec., Ann, Set. NaL (6), xviii. 1878, art. No. 4 ; F. R. Gasch, ‘Beitrage z. 
vergleiohenden Anatomie dea Herzens,’ Arch, /. Naturg. liv. 1888, p. 119 ; 
C. Rose, ‘Beitrage zuv vergleiohenden Anatomie des Herzens der Wirbelthiere,’ 
Morph, J.B, xvi. 1890, p. 27.‘ 
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The arterial system of birds * is chiefly remarkable for ^he 
large number of the different arrangements of the carotids. 



Fig. 32.-~Noi{Mal Avux Cakotids. 

carotids ; subciaviana ; r.i^ l.t, 

right and left innominate ; a, aorta ; h, 
ita origin. (This and five foliow'ing figs, 
after (jAiinou.) 


Fio. 33.>-CAiu>TrD8 of BimtiiN, 
Lettehino 'kh in Fio. 32. 




Fio. 34.— Caivotidb of FLAMnsoo. Fio. 35.— Cakotids of Cacatm. 

Lettebino as IK Fio. 82. Letteuino as in Fio. 32. 


Many writers, especially Nitzsch, among the earlier anato- 
mists, have drawn attention to some of these variations. 

* L. A. NEtroEBAUEB, * Systema Venosam Avium,’ Nov* Act. Acad. Nat. Cur. 
xxi. 1846, p. 617 ; Bathke, ‘ Uber die Carotiden . . . der VOgel,* Arch. f. Anat* u. 
Phy$. 1860, p. 184, and * Bemerk. fiber die Entstehung, &c., der gemeinsoh. 
Carotis,’ ibid* 1868, p. 816 ; GabboU, * On the Carotid Arteries of Birds,’ P. Z* S. 
1878, p. 457 ; C. H. Wade, * Notes on the Venous System of Birds,’ J* Litm 
Soc* xii. 1876, p. 681 ; F. Hochstettee, * Beitrage zur Entwicklungsgeschiohte 
des Venensystems/ Ac., Morph. J.B. xiii. 1888, p. 675, and ' Uber den 
Ursprung der Subclavia d. VOgel,’ ibid. xvi. 1890, p* 484. 
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Blit the whole matter was described at considerable length 
by Gabrod, who had more abundant material to work upon, 
but who, nevertheless, left for his successor Forbes one out 
of the eight known types to describe. The most prevalent 
type is that illustrated in fig. 32. It characterises a large 
number of birds. The two carotids are of equal size, and 
run up the neck for the latter part of their course in the 
hypapophysial canal. A modification of this (fig. 33) is seen 
in the common bittern and other birds, where the carotids 
are of equal size, but fuse into one trunk early in their 
course. In Phcpincopterus the right (fig. 34) and in Cacatua 



Fifi. 36 . — Cauotiuh uf Pahbfuink. Fiq. 37 . — Abnormal Arrangement 

Lettehino a« in Fig. 8*2. of Carotids, where the Left is 

Superficial in Position. 

• 

sulphurea (fig. 85) the left of the two trunks, which are later 
fused together, are very much the smaller. This state of 
affairs leads to the condition shown in Fasseres, where the 
left carotid alone is present (fig. 30) . Quite exceptionally, 
and only seen in two species of the bustard, genus EupodoHs, 
the right carotid alone is present. 

A very curious modification of the carotids is seen (ex- 
ceptionally, according to Furbkinger) in the hombill, 
Bucorvus. Here the two carotids are entirely superficial, 
running up the neck in company with the vagus nerves. In 
this case, as Ottley discovered, the true carotids are reduced 
to the condition of white imperforate cords, the developed 
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carotids being the equivalents of the comes vagi nervi of 
other birds. Forbes thought that the same might be the 
case with Leptosoma, where the carotids are unusually 
small, and apparently bound together, not absolutely fused, 
as also in Opisthocomus, In certain parrots the left carotid 
artery is superficial, while the right runs in the ordinary 
way within the vertebral canal. This is illustrated in the 
accompanying figure (fig. 87). A final variation has been 
observed by Forbes in the passerine Ortlionyx, where the 
left carotid, as in all passerines, is alone present ; but it runs 
superficially, and there is no deep right carotid, as in the 
parrots, just referred to. These facts, striking though they 
are, are unfortunately of but little value in classification, or 
at least their value is not understood. We may, however, 
accept Forbes’s statement that ‘ no passerine bird has ever 
yet been found with more than a left carotid, and no pigeon, 
duck, or bird of prey without two normally placed ones,* 

In all birds, as is well known, the right aortic arch ‘ has 
alone persisted. It is, however, a commonplace of the text- 
books to mention the fact that the Kaptores have often a 
ligamentous rudiment of the left. There are occasionally 
(perhaps individual) remains of the left arch more conspicu- 
ous. Thus I have found a considerable tract of the left arch 
capable of being injected, and measuring quite an inch in 
length, in Spizcetus and in the horn bill Aceros, Cariama, 

I may mention, has (at least sometimes) a ligament repre- 
senting the otherwise aborted left aortic arch. 

A variation in the thigh arteries has been noted by 
Garrod, who found that in some birds the ischiadic, in 
others the femoral, was the most important. In Pasteres the 
neotropical Clamatores were termed by him Heteromeri, 
since the femoral was the principal artery ; other Passeres 
(including, however, the neotropical and clamatorial genus 
Rupicola) Homoeomeri, from their ischiadic artery. The fact 

' J. Y. Mackay, * The Development of the Branchial Arterial Arches in 
Birds,* Ac., Phil. Trans, clxxir. 1889, p. Ill ; J. F. van Bemmelbn, * Die Visceral- 
iaschen u. Aortenbogen bei Keptilien u. Vftgeln,* Zool. Anz. ix. 1886, pp. 626, 
643. 
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thit in different species of the same genus (Centropus) the 
same variation occurs tends to throw considerable doubt 
upon the value of the character, an observation that is fre- 
quently and unfortunately necessary to make in describing 
the anatomy of birds. 

The descending aorta gives off three branches, which 
supply the alimentary canal. These are, in order of origin, 
the coeliac, the superior, and the inferior mesenteric. These 
arteries do not, however, supply certain definite regions of 
the gut. Thus in Bernicla rabid iceps the left caecum 
receives its blood both from the coeliac and from the superior 
mesenteric. The right caecum, however, appears to be 
supplied by the superior mesenteric alone. The coeliac is 
mainly concerned with the blood supply of the stomach and 
the liver. In Porplujrio the two caeca are provided with 
blood from both coeliac and superior mesenteric. A dissection 
of Platalea leucorhodia showed that roughly the coeliac was 
concerned with the blood supply of the duodenal loop and 
of the posterior part of the intestine ; the mesenteric, on the 
other hand, supplied the anterior part of the intestine, ex- 
cepting the duodenal loop. 

In a few birds (e.g. in Buceros and Haliaetus, Gadow) 
the coeliac and superior mesenteric arise from a common 
stem. 

The posterior mesenteric supplies the end of the alimen- 
tary tract. The aorta also gives off tw^o spermatic arteries, 
and on either side a crural and an ischiadic. 

We shall deal briefly with the venous system, since it has not 
been up to the present largely used for systematic purposes. 
This is doubtless due in a great measure to our imperfect 
knowledge of the variations that occur. As in the lower 
mammalia, there are two venae cavoe superiores. These 
are formed by the union on each side of a jugular, a sub- 
clavian, and a vertebral. The two jugulars are often of very 
unequal size ; the right is usually stronger than the left, but 
the two veins are connected in the neighbourhood of the 
head by a transverse branch. Sometimes the left jugular 
may absolutely disappear. Connected with the subclavian 
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are several veins which extend on to the pectoral and #ven 
on to the abdominal region of the body. Most important 
on physiological grounds of these is the abdomino-pectoral, 
which on each side of the body collects blood from the 
pectoral and abdominal regions, and forms in the female 
during the breeding season a network of vessels with the 
corresponding arteries. 

The vena cava inferior is composed of the two hepatic 
trunks and of an unpaired median portion, the main stem of 
the vena cava. The latter traverses the right lobe of the 
liver, and in its transit receives several smaller twigs from 
the liver. At the commencement of the kidney the vena 
cava divides into, or rather is composed of, the two vena* 
iliacae. It has been pointed out that in diving birds the 
part of the vena cava which traverses the liver is wider than 
in other birds, a state of affairs which is paralleled in certain 
aquatic mammals. 

The two common iliacs divide each of them into two veins, 
of which the first to be given off is termed the vena iliaca 
externa. This divides at once in the pigeon (according to 
Jourdan) into the femoral and into a trunk which ruiui 
along the kidney, and after giving off the sciatic and 
numerous branches to the kidney substance receives the 
hypogastric from the pelvic region, and then joins its fellow 
in the middle line ; at the point of junction of the two 
iliacae extemae a median coccygeal is received, and a medmn 
mesenteric from in front. The other branch of the iliaca 
communis is purely renal. It results from what has been 
said that blood entering the kidney from any of the 
branches of the common iliacs may traverse the kidney 
substance before reaching the heart via the vena cava 
posterior. The suprarenal bodies also have their portal 
system. The body of each side receives a branch from the 
rib region and from the branch of the iliac which runs 
embedded in the substance of the kidney. 

The existence of a renal portal system in birds is 
therefore possible, but not certain, on the anatomical facts 
available ; but the liver portal system, as in all other verte- 
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brcftes, is quite certain. All the blood from the alimentary 
canal, however, need not reach the heart via the liver. 

In Acer OH vipalensis the vena cava inferior receives three 
veins from the liver, the abdominal vein (see below), and a 
smaller twig which is compounded of branches from the 
oesophagus. Moreover the blood from the posterior part of 
the intestine, at any rate, may reach the system of the vena 
cava inferior via the mesenteric vein, which, as already 
stated, enters the iliacs at their point of junction in the 
middle line. 

In addition to the main portal trunk a number of small 
veins (five on the left side in Chauna chavaria) may enter the 
liver lobes separately, a state of affairs which is precisely 
that found in lizards. 

The umbilical vein, which is the equivalent of a part at 
least of the anterior abdominal vein of the lower vertebrata, 
is found in very various conditions of degeneration among 
birds. In some it appears to be fairly well developed ; in 
others it is practically absent altogether. In a specimen of 
the hornbill Aceros nipalensis it was as well developed as 
I have ever found it in birds. The vein arose near to the 
posterior end of the abdominal cavity as a double vessel ; 
fm’ther forward the tw’o halves joined to form a single 
vessel. The vein is supported by the falciform ligament, 
and the upper of the two component vessels receives, not 
very far from the junction of the two, a recurrent vessel 
from the inside of the sternum. It may be that the 
recurrent nature of this vessel is one among many hints of 
the shortening of the sternum among birds. The anterior 
abdominal trunk does not enter the liver, but joins the 
hepatic vessels, and its blood is conveyed straight to the 
heart. 

In Platalea leucorhodia I could find no trace of an 
anterior abdominal vein in the falciform ligament. In Grus 
rnonachus it was very small ; in a large number of other 
birds of different families the vein was present, and large, e.g. 
Crax globicerUt Spizaetus coronatusy SerpentariuSy BucorvtiHy 
Ciuiuna chavariUy Botaurus stellarisy Bernicla brentUy &c. 
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Respiratory System 

Trachea. — As a general rule the trachea is a straight tube 
passing into the thorax, where it bifurcates into the two 
bronchi. It is composed throughout of rings, which are 

cartilaginous, or may be 
wholly or partially ossified. 
The rings are generally 
simple rings, which are like 
each other and quite com- 
plete, excepting just at the 
bifurcation, where it is com- 
mon for them to be modi- 
fied in connection with the 
fonnation of the syrinx. 

This is especially marked 
in the tracheophone Passeres 
and in the Ciconiidte, to the 
accounts of which families (as 
well as to below, ‘ Syrinx ’) 
reference must be made for 
the facts. Other modifica- 
tions of some of the last 
tracheal rings are to be seen 
in the cassowary, where fhe 
last few^ are incomplete 
behind, as in the mammals 
and in the bird of Paradise, 
Sehucides (see fig. 38), wdiere 
the membranous interspaces 
between the rings become 
largely increased, and the 
rings ossified at both sides, 
but not in the middle, in a peculiar fashion. 

A peculiarity of the trachea, seen in representatives of 
some most diverse groups of birds, is its looping. This is, 
of course, suggestive of the sinodlar looping of the trachea in 








Fio. 38. — Windpipe of Seleucides nigra* 

4-11, tracheal rings; lU. third bronchial; 
eterno-tracheal xnnaolee. (Alter Fokbbb.) 
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crocodiles and chelonia. The occurrence of this state of 
affairs is not a character of any one group, but it is found 


Tf. 



Fio. 80 . — Breast Region of Manucodia. 

Tr^ trachea ; JP,Mt pectoral musole ; /Vm, femur. 

sporadically, as it were, in members of quite different groups. 
The facts have been collected into a general account of the 
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matter by Fokbes.* There are various grades of 'this 
lengthening of the trachea. In certain species of Phony- 
gama and Manucodia among the Oscines the loops, which 
vary in complication, lie, as is shown in the figure of 
Manucodia (fig. 39), beneath the skin. Many of the curassows, 
a few Scolopacidae {Bhyncheea australis and li. capemis), the 
duck Ameranas melonoleuca, have a convoluted trachea of 
the same kind. In the male of Tetrao urogallus the loop is 
present, but is in the cervical region, not in the thoracic 
and abdominal, as in the types just referred to. 

The Syrinx. — The voice organ of birds, usually termed 
the syrinx, is, as is well known, situated at the bifurcation 
of the two bronchi. Its complexity varies greatly, though 
it cannot be said that a complex voice organ necessarily 
implies an elaboration of sound-producing power. Some of 
the singing birds and the parrots, whose voices are capable 
of emitting a great variety of tones, have, it is true, a much 
specialised syrinx. But, on the other hand, there are other 
passerines which have just as complicated a syrinx, but can, 
like the raven, by no means vie with some of the starling 
tribe, for example, in range of soimd. Then, too, some of 
the singing passerines have syringes which are much simpler 
than those of others which sing as well and no better. 
It is, however, true that in the least differentiated forms of 
syrinx the bird has but one or two notes. The ostrich, for 
example, which has one of the simplest syringes, can rorar, 
but possesses no variety of sound. The Apteryx, whose 
syrinx is about on the same level of organisation, appears 
to be absolutely mute. The sounds of the emu are due 
not to its simple syrinx, but, chiefly at any rate, to a 
throat pouch, to which due reference will be made later. 

The syrinx of birds, as has been said, varies considerably 
in structure. Many of the variations will be treated of in 
the systematic part of this book, since they are more of 
systematic than of morphological interest. In this place, 
however, the leading modifications of the organ will be 

' * On the Ckinvoluted Trachea of two Speeieg of Manucode, with Remarks on 
similar Stmctaree in other Birds,’ P. Z. S. 1882, p. 847. 
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shoftly described. The syrinx is an organ special to birds ; 
there are no hints of it in any reptile. In reptiles there is 
no modification at the bifurcation of the bronchi ; the tube 
simply branches, and there are two sets of cartilaginous 
rings where there was but one. In birds the case is 
different, and it may be convenient to commence with what 
may be regarded as the typical avian syrinx, which has been 
termed the ‘ tracheo-hronchialy since the end of the trachea 
and the beginning of the 
bronchi take a share in its 
formation. It is fair to term 
this the typical syrinx, since 
it is found in the majority of the 
groups of birds ; it occurs, for 
instance, in such diverse families 
as Passerines, Ardeida*, Rallidae, 

Struthiones, Picaria", &c. The 
accompanying cuts illustrate 
this form of syrinx in a number 
of birds, and from an inspection 
of them the principal features 
in the organisation of this form 
of syrinx may be gathered. 

At the end of the trachea there 
is usually a certain amount 
of •modification of the tracheal 
rings, which may be more or > 

less marked, and may be in different directions. It is not 
necessary to particularise here, and we can select fig. 40 
to illustrate one example of this modification, which consists 
in a complete fusion of the last few rings of the trachea. 
The bronchi are formed at first of the short semi-rings, the 
wide interspace being occupied by membrane, the tympani- 
form membrane, which closes them internally ; the extent 
of this membrane varies, and below it the bronchial semi- 
rings become more closely applied — sometimes, indeed, 
becoming complete rings. The tympaniform membrane of 
each bronchus is separated from its fellow by a cartilaginous 



Fio. 40. — Sykinx of hidicato , 
Enl.vkqed. 
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or bony bar, which runs across the base of the tracliea, 
arising from the last tracheal ring anteriorly, and attached 
to the penultimate or antepenultimate ring posteriorly. 
This bar is called the pessulus. It is shown in fig. 41, 
which represents a syrinx seen from below. When the 
syrinx is cut open it may be seen that this bony bar bears a 
tough semilunar membrane, directed upwards between the 
bronchi ; the voice is due to the vibrations of this mein- 
brana semilunaris. 


Another external feature of the t}T)ical tracheo-bronchial 


sjTinx is the presence of a pair of mus- 
cles which arise some way up the trachea 
and are inserted on to an etirly semi- 
ring of the bronchial series, one on each 
side, or even to the last or nearly the last 
of the tracheal series. From this starting 
point we can follow the modification of 



4 I 





Fio. n.Sxmsx or CymHrhyfwhus. Fio. 42. -Syrinx of BaUmiiceps. 

X 5, FBOM BEHINU (AFTER FoKBKs). m, llgamexitoan rudiment of lutrinidc 

muflcle. 


the syrinx in a number of directions— in the way of com- 
plication, in the way of simplification, and in a direction of 
alteration which can hardly be termed either complication or 
simplification. 

The first sign of simplification is the disappearance of 
the intrinsic synngeal muscles, which in many forms have 
completely disappeared. The disappearance is not neces- 
sarily associated with any other changes in the general 
structure of the organ. Occasionally, as in BaUmicepa (see 
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fig. qA2), the former presence of the muscle is testified to by 
a thin hgament, which occupies the position that the muscle 
would occupy were it present. 

The syrinx of the hoatzin shows an intermediate stage ; 
the muscle is absent for the lower part of its course, but 
present above ; it is represented below by a fibrous band. It 
seems from what we know of the relation of muscle to 
tendon generally that this change is in the direction indi~ 
cated and not in the converse direction. The fibrous band of 
the syrinx of Balceniceps has, so to speak, been muscle ; it is 
not on its way to become muscle. The ostrich affords an 
example of a further degeneration of the syrinx, or a reten- 
tion of a very primitive and unspecialised syrinx, according 
as we view the facts. The syrinx of this bird has been care- 
fully described and figured by Forbes,* whose words we wdll 
quote, ' The trachea inferior to the insertion of the sterno- 
tracheales slightly narrows, having above the antepenultimate 
ring a diameter of about one inch. The tracheal rings are here, 
as elsew here, entire simple rings of an average depth of about 
15 inch, and are separated only by very slight interannular 
intervals. The trachea is slightly compressed and posteriorly 
carinated for about the last seven rings. The last ring but 
four is somewhat produced dowmwards in the middle line 
both anteriorly and posteriorly ; it is in consequence nar- 
rower laterally than elsewhere. The antepenultimate ring 
prqfients the same features more strongly developed. In 
two of the four specimens examined it sent down a small 
pessuliform process of cartilage in the middle line behind, 
filling the chink left between the posterior extremities of 
the last two (incomplete) rings. The penultimate ring is 
narrower and more cylindrical than it's predecessors ; it is 
also wdder transversely, and incomplete behind in the middle 
line, its extremities, however, being closely approximated to 
each other. The last tracheal ring is still wider transversely, 
and more cylindrical ; and it, too, is incomplete posteriorly 
to a greater extent than its predecessor ; viewed from the 

' ‘ On the Conformation of the Thoracic End of the Trachea in the “ Katite ’* 
Mirda,' P. Z. 8. 1881, p. 778. 
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side it is convex upwards, as are its immediate predecesiors 
in a less degree. The interannular intervals between all 
these rings are, when undisturbed, mere chinks filled up 



Fig. 4H. — Syrinx or Strtdhio, 

o, last, (w, i>eiiultimate, ooo antopenultimate troclieal rinfirs ,* section of wall of win«l- 
pipe to show vocal chord ; 1-7, tracheal, I, II, bronchial ring*. ( After FoniiKF.) 

by dense fibrous and elastic tissue. There is no trace of a 
pessulns, though the last tracheal ring is slightly 2)roduced 



Fio. 44. — The bahe Bybikx fbom Behinp. 

downwards in front. The first bronchial semi-ring on each 
side is narrow and cylindrical, strongest anteriorly, and 
somewhat attenuated posteriorly. It is separated only by a 



KESPIRATOKY SYSTEM 


65 


narjow interval from the last tracheal ring. The second and 
third rings are similar, but are more slender and lengthy ; 
they are convex downwards, but very slightly so ; hence the 
interannular intervals are slight here also. Their anterior 
ends are very slight, intumed, impinging but to a small 
extent on the membrana tympaniformis, which completes 
the bronchial tubes internally, and, in consequence of the 
absence of any three-way piece, passes continuously from 
one bronchus to another, so closing the tracheal tube in- 
feriorly. The fourth, fifth, and succeeding bronchial rings 
are similar in character, but their ends, which tend to be 
dilated posteriorly, are successively more and more incurved 
to about the tenth. Nowhere are the bronchial rings com- 
plete. There is at most only a trace of a membrana semi- 
lunaris, in the form of a feeble, scarcely raised antero-pos- 
teriorly directed fold of mucous membrane.’ 

This syrinx, therefore, differs from the more typical 
tracheo-bronchial syrinx in, at any rate, three essentials — 
(1) the absence of tracheo-bronchial muscles ; (2) in the 
slight amount of specialisation of the last rings of the trachea ; 
and (3) in the absence of a pessulus. The only distinguish- 
ing feature of the syrinx which is present is the membrana 
tympanifonnis. But the presence of this, and of the rudi- 
mentary membrana semilunaris, fully justified Forbes in 
contradicting the assertion, prevalent at the time when he 
wrpte, that the Struthiones had no ‘ lower larynx,’ an assertion, 
indeed, which could not possibly be made with the syrinx of 
Bheay a quite typically tracheo-bronchial one, in existence, 
Still, it is undoubted that the syrinx of the ostrich is in a 
very simple condition, and hardly deserves the name. In 
the stork tribe we have a series of stages in the degeneration 
of the syrinx. In Ahdimia sphenorhynchay as in other 
storks, there are no intrinsic syringeal muscles, but the 
membrana tympaniformis is well developed and of consider- 
able extent. In Xenorhynchus the membrana tympaniformis 
is almost, but not quite, obliterated, and, finally, in Ciconia 
the bronchial rings are ritigSy and not semi-rings ; there is in 
them no trace of a membrana tympaniformis ; but in all the 

V 
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pessulus is present. The syrinx of the stork, indeed, anid of 
the American vultures very nearly approaches what we 
should on a priori grounds regard as the original form of 
the syrinx. 

In the other direction the syrinx may be further increased 
in complication ; this is brought about by an hypertrophy of 
the intrinsic muscles. The simplest case is that of the 
plover, Vanellus cayennensis, figured and described by 
Garrod,* whose figure is here reproduced. It will not need 



Fio. 45. — Hybinx of Vanella cayennemia, fuom in front (after Gabroo). 

I 

much description ; t)ie principal change is in the enormously 
thickened pair of muscles. 

This modification of the syrinx, however, is seen at its 
extreme in certain passerines and in the parrots. Here we 
meet with a multiplication of the intrinsic muscles, which 
may exist to the number of three or four pairs. A syrinx of 
this kind, when found in the PaMerei, is frequently termed 
oscinine, the group of Passeres exhibiting the character being 
the Oscines, a term, however, which is not now used in the 
classification of the group. 

■ * On the Trachea of the Tantalu* hculator and of Vanellua 
P. Z. S. 1878 , 0 . 625 . 
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in Menura superba, which has been described by Garrod, 
there are three pairs of muscles, which are attached to 
different bronchial semi-rings ; the posterior pair of muscles 
are attached to a ring below that which bears the insertion 
of the anterior pair, while the remaining middle pair are 
inserted higher up again. 

We now come to the consideration of those modifications 
of the syrinx which will be spoken of neither as degenerations 
nor complications. They are parallel modifications, which 



Fig. 4(].-- Thk Samk from behind (after Garrod). 

can in all cases be traced to the tj’pical tracheo-bronchial 
syrinx, though whether they have originated from it is, of 
course, a matter of question. To the two varieties of syrinx 
which we briefly refer to here the names tracheal and 
bronchial syrinx have been given, implying the fact that 
the modification of the windpipe has taken place in the 
one case mainly or entirely in the trachea, and in the other 
mainly or entirely in the bronchi. 

The tracheal syrinx is distinctive of a group of Paaseres 
which have been on that SiCoount called the Tracheophonse ; 
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bnt a syrinx that presents some of the same characteristic 
modifications distinguishes the stork trihe. The principal 

modification of this type of 
^ f synnx is that a large number 

of tracheal rings are altered 
in character, in a way which 
will be pointed out in detail 
for one or two forms. The 
tracheal syrinx of the Passeres 
was investigated by Johannes 
Muller,* but Garrod has 
added many new facts of 
importance to our knowledge 
of this kind of syrinx. 

In Hylactes megapodius 
there are nine tracheal rings 
which are very much tliiimer 
than their predecessors ; on 
the anterior side, however, 
there are twenty-three which 
are thus altered. Two or three 
of the anterior bronchial 
semi-rings are modified and 
ossified ; from the second of 
these on each side is a ridge 
of cartilage, the processus 
vocalis, which extends up to 
the twelfth tracheal ring 
(from the bottom). As a rule 
these tracheophone Paasares 
possess intrinsic muscles to 
their syringes, but the rule is 
not vvdthout exceptions, of 
which Conopophaga is one, 
as well as Hylactes^ already described ; others, such sis 
Furnarius, have the intrinsic muscles. The same form of 
syrinx seems to exist in the storks. In Tantalus looviator, 
' In Ahlu Berlm* Akad, 1845, p. 867. 
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Fig. 47.—Tbachea of Tanialtut locu- 
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for mstance (see fig. 47), the lowest seventy-eight rings of the 
trachea are modified through being thinner than those else- 
where, and this portion of the tube is of a greater calibre than 
that above. In Ciconia alba the lowest twenty-nine rings are 
thus changed in structure, and ' there is a small prolongation 
upwards of the lateral portions of the three lowermost 
tracheal rings, which forms a consolidated triangular process 
on each side, overlapping the next few rings and looking 
extremely like the rudiment of the similarly situated proces- 
sus vocales of the passerine 
tracheophone sjTinx, w'liich 
resemblance is increased by 
the thinness of the neigh- 
bouring rings and by their 
being flattened from before 
backwards.’ 

The bronchial syrinx is 
seen in its most extreme de- 
velopment in Steat^rnis and 
in Crotojyhagay where it W’as 
originally described by Mul- 
ler ; but other cuckoos and 
goatsuckers, as has been 
shown by me,* possess also 
a syrinx which may be 
crflled bronchial ; further- 
more, as Wunderlich has 
shown, ^ the owl tribe resem- 
ble the goatsuckers in this 
respect, while there are in- 
dications of the bronchial syrinx in certain petrels. 

The fullest description of the syrinx of Steatornisy which 
we take as a type of the perfectly formed bronchial syrinx, 

‘ * On the Syrinx and other Points in the Anatomy of the Caprimolgidje/ 
P. Z, S* 1886, p. 147 ; * On the Structural Characters and Classification of the 
Cuckoos,* P, Z, N. 1888, p. 168. 

* ^Beitr&ge zur vergleiohenden Anatomic und Entwiokelungagesohiohte dea 
unteren Kehlkopfs der V6geJ,* Now Act, Acad, Leop, Cces, 1884, 
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is contained in a paper upon the general anatomy of 1;his 
bird by GarrodJ Prom that paper we borrow the descrip- 
tion as well as the illustration. It will be seen from that 
drawing (fig. 48) that the trachea of the bird bifurcates, as 
does the trachea of a mammal, without any modification of 
the rings, either tracheal or bronchial. The latter are at first 
complete rings ; it is not until the thirteenth or fourteenth 
— the exact position appears to vary — that the syrinx appears ; 
here the rings cease to be complete rings, and are semi-rings, 
their inner ends being completed by membrane, the mem- 
brana tympaniformis. To the first of these modified semi- 
rings is attached in the case of either bronchus the intrinsic 
muscle of the syrinx. 

The transition between this purely bronchial syrinx and 
the more usual tracheo-bronchial syrinx is afforded by 
various genera of cuckoos and goatsuckers (of which a par- 
ticular description will be found later), in which the mem- 
brana tympaniformis is placed, as in Steatornis^ far down 
the bronchus, but which have also a^sheet of membrane 
forming a continuation of the membrana upwards to the 
trachea, which is due to the non-closure internally of the 
earlier bronchial semi-rings ; this latter gets more and more 
limited in various genera until we have the purely tracheo- 
bronchial syrinx, in which the wide membrana tympani- 
formis commences at once on the bifurcation of the 
bronchi. • 

The syrinx has undoubtedly some value as a test of 
affinity. As to the Fasseres, it is, as Furbringer has 
remarked, a * classical ’ object for the determination of 
relationships. In other families too it is of importance. From 
a more general standpoint, however, apparently but little 
reliance can be placed on the modifications of this so variable 
organ. An approximation to the reptilian condition — in the 
absence of any special modification at the bifurcation of the 
bronchi — is seen in some of the struthious birds and in the 
American vultures. It is not clear, however, that this 
simplicity is not a case of the reduction rather than of the 
* * On some Points in the Anatomy of Stsatomii,^ P. Z. S, 1878, p. 626. 
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retention of a primitive character. In special cases the 
form of the syrinx seems to be of not little value as a mark 
of afiBnity. The peculiar syrinx of the storks, for example, 
distinguishes them from their near allies the herons. The 
stork-like syrinx of Tantalus is one of the many reasons for 
placing it with that family. The peculiar form of syrinx 
termed the ‘ bronchial syrinx ’ may seem to some to militate 
against the value of this organ as a test of affinity ; but, on 
consideration, the fact that both owls and goatsuckers 
possess it will not seem extraordinary in view of their other 
resemblances, while the cuckoos are perhaps not so widely 
remote from those two families as they have been placed. 
We may have here a clue to the relationship of these three 
groups of birds. The complicated (as regards musculature) 
syrinx of the parrots is so far an indication of affinity with 
certain Passeres. The systematic position of the parrots is 
by no means clearly defined, and therefore this indication 
of a possible affinity must not be ignored. 

The Lungs and Air Sacs. — The lungs of birds never 
depend freely in the coelom, as is the case with most 
reptiles. They are closely fixed to the parietes, and covered 
with a thin and transparent aponeurosis, which is the 
peritoneum. So closely are they adpressed to the body 
walls that when they are carefully removed by dissection an 
impress of the ribs is to be seen upon their dorsal and 
lateral surfaces. An approach to this peculiar position of 
the lungs in Aves is to be seen in the crocodilia and to a 
less extent in the Chelonia and Monitor lizards. In these 
animals the lungs are bound down to the parietes, and do 
not hang freely, as in the Lacertilia generally and in the 
mammalia. The lungs in birds occupy the space between 
the first rib in front and the anterior end of the kidney 
behind. They nearly meet in the middle line. Seen from 
below, when left undisturbed m the body, only the adjacent 
structures being cleared away, the lungs present two facets, 
an anterior and a posterior ; the latter is divided from the 
former by a ridge which does not divide the lung into two 
equal halves. The anterior is considerably the smaller. 
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When the lung is thus bared it is seen to be provided 
vnth a number of conspicuous orifices where the covering 
aponeurosis is deficient ; these are termed the ostia, and 
they lead into the air sacs. Their number is variable in 
correspondence with the variability in the nmnber of air 
sacs. The free surface of the lung is supplied with bands 
of muscle, which have been termed ‘ diaphragm,* but which 
are called by Huxley * costo-pulmonary muscles. These 
muscles arise from the ribs and spread out over the aponeu- 
rosis covering the lung ; they are, as a rule, extensive, 
extending but a short distance from their origin. The 
number of these costo-pulmonarj^ muscles varies much 
among birds ; but little attention has been hitherto paid to 
them. For instance, among the storks the muscles in 
question are reduced to a minimum ; there are only two 
pairs at the anterior end of the lung, which arise not from 
ribs, but from the end of the windpipe. In herons, on the 
other hand, and in the emu, all the ribs bordering upon 
the lungs give off fasciculi of fibres, which in the emu are 
of considerable thickness. Each bronchus enters the lung 
at a little distance from its anterior end, and sometimes, as 
in the condor, the cartilaginous rings cease some little w’ay 
before it enters. The bronchus dilates somewhat when it 
has entered the lung, and from the posterior end of this 
dilatation a tube is continued backwards, which opens into 
the posterior or abdominal air sac. This trunk is termed 
by Huxley the mesobronchium. Further on in its course 
the mesobronchium gives off another branch, which oi>ens 
into the posterior intermediate air sacs (a description of the 
air sacs will be found a little further on). From the 
dilatation of the mesobronchium, the vestibule, arise four 
other tubes, which are called the entobronchia by Huxley 
(w'hose nomenclature is adopted throughout in the present 
section). The first curves forward and gives off several 
branches, one of which opens into the praebronchial air sac, 
while the main trunk is continued into the subbronchial 
air sac. The second entobronchium passes dorsally and 

* ^ On the Bespiratoiy Organs of Apteryz,' P. Z, S. 1882. 
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raifcifies, a wide branch descending to the subbronchial 
ostium. The third entobronchium runs backwards and 
gives off a number of branches. Close to its origin from 
the bronchus it opens into the anterior intermediate air sac 
by the anterior intermediate ostium. The fouiih ento- 
bronchium runs parallel with this ; it gives off branches 
from its ventral wall, but ends csBcally. In addition to the 
entobronchia there are the ectobronchia. These are six or 
seven branches given off laterallj^ and dorsally from the 
mesobronchium. These various bronchia are in communi- 
cation with each other, so that the substance of the lung is 
a meshwork. 

As a rule there are ten air sacs in birds, which are 
arranged in five pairs, five, in fact, arising from each lung. 
In front of the windpipe are the pra^bronchial air sacs; 
below the trachea are the subbronchial air sacs ; the oblique 
septa, which have been described elsewhere (p. 38), enclose, 
in the duck and all other birds except the Aptenjx, two air 
sacs, the anterior and posterior intermediate sacs. The 
abdominal air sacs lie among the intestines, and are fed by 
an ostium which is at the extreme posterior end of the lung ; 
they have been, as Huxlky has expressed it, pushed out 
from the space enclosed by the oblique septa like a hernia. 
In Apteryx, quite exceptionally, these air sacs are not so 
pushed out, but lie within the area enclosed by the oblique 
sq)ta. The only differences that have been noticed in birds, 
apart from those that have been already mentioned, appear 
to consist in the number of the intermediate air sacs and in 
the condition of the prapbronchial. Weldon ‘ has described 
the breaking up of the pnebronchial in the storks into a 
number of sacs, at least five in number, and the complete 
fusion of the subbronchial sacs into a single one. The 
breaking up of the proebronchial sacs is carried to a more 
complete extent in Chauna. In some birds there are three 
instead of tw’o intermediate air sacs. I have observed this 
in Podargus. In many Aooipitres the abdominal air sacs are 

* * On Home Points in the Anatotn^r of FJusnicopterm and its Allies,’ P. Z, S. 
ISS8, p.e40. 
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peculiar in that one of the walls of the sacs has got to* be 
firmly adherent to the ventral parietes, and the walls of the 
two sacs enclose between them the intestines, which have 
thus the appearance of being enclosed in a special compart- 
ment of the coelom. In one or two Aooipitres there is the 
same subdivision of the intermediate air saos that I have 
referred to in Podargus, 

These air sacs communicate with subsidiary spaces lying 
among the viscera, between the muscles, in the skin 
(particularly in Chauna and several Steganopodes) , and 
with the bones. The skull, however, is aerated by a set of 
spaces which are not connected with the trachea and lungs, 
but with the Eustachian tubes and the nasal chambers. 

The literature relating to the lungs and air sacs is large. 
In addition to the memoirs already quoted the following 
bear upon the matter : — 

F. Bignon, ' Sur les Cellules Aeriennes du Cr&ne,’ &c., 
C. B, Soc. Biol. 1887, p. 36. 

Idem, ‘ Recherches sur les Cavites Adriennes Cervico- 
c^phaliques chez les Psitacides,’ Bull. Soc. Zool. France. 
xiii. 1888, p. 180. 

Idem. ‘Note sur les Reservoirs Adriens de TUrubu 
{Cathartes atra),' C. B. Soc. Biol. (9), i. 1889, p. 39. 

Idem, ‘ Contribution k TEtude de la Pneumaticite,’ &c., 
Mem. Soc. Zool. France, ii. 1889, p. 2()0. 

Milne-Edwards, ‘ Observations sur TAppareil Respira- 
toire de quelques Oiseaux,’ Ann. Sci. Nat. (5), iii. 1865, 
p. 137, and ibid. 1867, p. 12. 

Idem, ‘ Sur les Sacs Respiratoires du Calao rhinoceros,' 
a B. 1885, p. 833. 

E. Ficalbi, ‘ Alcune ricerche sulla struttura istologica 
deUesacche aerifere,’ Scc.,Atti Soc. Tosc. Sci. Nat. (vi. 1885, 
p. 249). 

H. Filhol, ‘ Sur la Constitution du Diaphragme des 
Eudyptes,' Bull. Soc. Philom. (7), vi. 1882, p. 235. 

N. Guillot, * M^moire sur TAppareil de la Respiration 
dans les Oiseaux,* Ann. Sci. Nat. (3), v. 1846, p. 25. 

E. Selenka, ‘ Beitrage zur Entwicklungsgesbcichte d. 
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Luftsacke des Huhns,’ Zeitsch. wiss. Zool. xvi. 1866, p. 
178. 

H. Strasseb, ‘ Die Luftsacke der Vogel,’ Morph. J.B. iii. 
1877, p. 179. 

G. Roch6, ‘ Prolongements Intra-abdominaux des Reser- 
voirs Cervicaux chez I’Autruche,’ hull. Soc. Philom. (8), i. 

1889, p. 111. 

Idem, ‘ Sur I’Appareil Aerifere des Oiseaux,’ ibid. (8), ii. 

1890, p. 5. 

Idem, ‘ Contribution a I’Etude de I’Anatomie Comparee 
des Reservoirs Aeriens d’Origine Pulmonaire chez les 
Oiseaux,’ Ann. Sci. Nat. (7), xi. 1891. 

H. Boulabt, ‘ Note sur un Systeme particulier de Sacs 
Aeriens observes chez quelques Oiseaux,’ Journ. de I’Anat. 
et Phys. xviii. 1882, p. 467. 

Idem, ‘ Note sur les Sacs Aeriens Cervicaux du Tantale,’ 
hull. Soc. Zool. Fr. 1885, p. 348. 

Other references are contained in the paper of Huxley 
upon the lungs and air sacs of Apteryx, already quoted. 

Muscular Anatomy ' 

The most general feature of the muscles of birds is the 
great length of their tendons of insertion ; the tendency of 

‘ For memoirH dealing with the muscular anatomy of several types see 
Cawjh, * Erliiuterungstafeln zur vergl. Anat./ Leipzig, 1826 (Astur, Falco. 
Cypselus ) ; P. Haktino, ‘ Observations aur PEtendue relative des Ailes et le 
Poids des Muscles Pectoraux,' Ac., Arch, AVer/. Sci. Exact, et Nat. iv. 1869, 
p. 38 ; S. HAroKTON, * On the Comparative Myology of Certain Birds,’ P. R. 
Irish Ac. 1867, p. 624 {Fako, Grits, ; G. Jaeger, ' Das Os humero-scapu- 
lare der VOgel,’ J.P. K. Akad. Wiss, xxiii. 1867, p. 387; Legal and ReicheL' 
* Gber die Beziehungen der Grdsae der Flugmusk.,’ Ac.. Bcr. schles. Ges. 
1879 ; H. J. Magnus, * De musculis oostarum stemique avium,’ Diss. Inaug. 
Vratislavife, 1867, and in Arch. f. Anal., 1869; H. Pfeiffer, ‘Zur verglei- 
chenden Anatom ie des Schultergerilstes,’ Ac., Diss. Inaug. Giessen, 1864 ; 
J. J. Prkchtl, ‘ Untersuchungen iiber den Flug der Vogel, ’^Vienna, 1846 ; 
Quennerstedt, ‘ Studier i Foglarnas Anatomi,’ Lund^s Univ. Arsskr. ix. 1872, 
p. 4 ; N. Rcdinger, ‘ Die Muakeln der vorderen Extremitaten,’ Ac., Nat. Verh. 
Holland. Maatsch. We/., 1868; C. J. Sunoevall, in K. Vet. Akad. FDrh. 
1848, p. 308, and Fl}rh. Shatidin. Naturf. 1861 *, G. Alix, ‘ Sur les Muscles 
Fl^chisseart des Orteils,' Ac., Bull. Soc. Philotn. xi. 1874, p. 28, and Essai 
9wr VAppardl Locomoteur des Oiseaux, Paris, 1874. 
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this is to mass the fleshy and heavy parts of the mifccle 
about the centre of gravity of the body, a desideratum for a 
flying animal. This peculiarity of the muscular system is 
especially well seen in the muscles of the leg. The muscular 
system of birds is remarkably constant for the species, the 
number of variations being apparently, comparatively speak- 
ing, but slight. It is true that in but few cases has a large 
nmnber of individuals been carefully dissected ; but of a 
good many species, on the other hand, have three, four, or 
even more individuals been dissected from the point of view 
of the relations or presence of a particular muscle or muscles. 
The muscular system too is apt to be very constant for a 
given genus or even a larger division. A glance at the 
systematic part of this w’ork will show how trifling are the 
variations even between families in some cases. All these 
facts lead to the inference that the muscular system in birds 
is of very considerable value for classificatory pur})oses. 
Garrod, Forbes, and Furbringeh are the three anatomists 
who have laid greatest weight upon the muscular system as 
an index of affinity. It is, thinks Professor Ff hbhinger, the 
muscles of the anterior extremity which have the greatest 
value of any part of the muscular system. The wing is an 
organ wiiich is used in much the same way by all birds 
in w^hich it is properly developed. On the other hand the 
uses of the muscles of the leg are manifold ; we have hopping 
birds, climbing birds, perching birds, swimming birds, ^c. 
&c. Nevertheless Gadow is inclined to think (with Garrod) 
that they are the most important. The existing knowledge 
of the muscles of birds is mainly confined to the muscles of 
the leg and of the fore limb, a knowledge which we owe 
almost entirely to Garrod and F'urbringer, many other 
anatomists having, of course, filled up many details. Less is 
known about the muscles of the head, neck, trunk, and hyoid 
region. 

It is curious, indeed, how very few birds have been 
at all thoroughly dissected. Apart from the detailed accoimt 
of Apteryx by Sir Eichabd OwnN, and of less comprehensive 
memoirs by CouEs on the diver, by Morrison Watson 
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on Ihe penguin, we have only two recent memoirs which 
contain anything like a complete account of the muscular 
structure of a given type. These are the book upon Corvus 
corax by Shufeldt and a paper by Chalmers Mitchell 
and myself upon Palamedea. The most comprehensive 
general account of bird muscles is unquestionably that of 
Gadow in Bronn’s ‘ Thierreich.* I shall base the following 
account of avian musculature largely upon the last-men- 
tioned work, adding to it only such details as were inacces- 
sible to Gadow at the time of its publication. The muscles 
known to vary will naturally be treated at greater length 
than those of whose comparative structure but little is 
registered. Gadow allow’s altogether 112 separate muscles 
and sets of muscles like those of the ribs, arranged in a 
serially homologous row. Some of these are, however, 
divnded again. Of these, so far as we know’ at present, the 
following are of the greatest systematic importance, as present- 
ing really considerable variations even to disappearance : — 

Glutaus viaxhnuSy gl, anterior. 

Obturator internus. 

Femorocaiidal and accessory femorocaudal. 

Amhiens. 

Hemitendinosm and accessory Semite ndinosus. 

Biceps fenioris. 

Semimevibranosus. 

• Flexores profundi hallucis et digitorum. 

Peronei. 

Tibialis anticus, 

Pectoralis primus^ p. secundus. 

Deltoid. 

Patagialis. 

Biceps. 

A nconceus. 

Expansor secundariorum. 

Cucullaris propatagialis. 

The value of muscles in classification has been highly rated by 
many ornithologists, especially, of course, by Garrod, Forbes, and 
FtlRBBiKQBR. It is, however, only a comparatively small number 
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of the total series of muscles in the body that can be trusted nAich 
as evidence of afi&nity. The ambiem is unquestionably of value as 
it is found or not found, as the case may be, through whole groups 
whose mode of progression when w alking or climbing is as different 
as can be. Its total absence from all picarian and passerine birds 
is a fact upon which I comment elsewhere. There are very few 
groups in which the ambiens may be present or absent, and in 
those cases it is often reasonable to separate as distinct families 
the genera which have it from those which have it not. This 
cannot, perhaps, be done in ever}’ case. Some storks, such as 
Ahdimuit have no ambiens, while the majority have it. There are 
auks with and auks without this muscle. The same may be said 
of petrels, parrots, and pigeons. Ehynchops, the only larine bird 
without an ambiens, may be, perhaps, rightly elevated to the dis- 
tinction of a separate family. These examples, however, are so 
few that they may be compared to such singular exceptions as the 
absence of the odontophore in the nudibrancb Doriopsis, which 
does not in the opinion of any one invalidate the great importance 
of that stinicture in arranging the mollusca. In estimating the 
value of the ambiens the facts of its total or apparently partial 
suppression, referred to below, must be borne in mind. The 
entire absence of all trace of the muscle in the owls shows that 
they are not necessarily to be placed in the neighbourhood of the 
parrots, in which the muscle, when absent, has left tmces behind. 


Muscles of the Fore Limb 

Pectoralis Primus , — This muscle consists of two parts, 
the thoracic part, arising from the sternum, and an abdominal 
portion, arising from the pelvis. The latter portion, well 
developed in lower vertebrates, is slight in birds, and is often 
completely absent. The pectoralis thoracicus arises from 
the sternum, the clavicles, and intermediate membranes ; it is 
inserted on to the humerus. In ratite birds there is no origin 
from clavicles, but, on the other hand, an origin from cora- 
coids not present in carinates. There is frequently an 
intimate connection between the pectoral near its insertion 
and the tendon of origin of biceps, pectoralis is frequently 
divided into two portions, the mode of division being twofold. 
In Apteryx the coracoidal portion is separate from the sternal, 
a state of affairs which recalls some of the lower vertebrates ; 
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in ethers the pectoral is divided into a superficial and deeper 
layer. In many ‘ Ciconiiformes ’ this is the case. The 
pectoral, in all birds except the ratites, gives off one or two 
branches to the patagiuin. The branch has been termed 
the pectoralis propatagialis. There are either two separate 
muscles split off from the surface of the pectoral (as in Nisus)y 
the tendon of one going to the tendon of the tensor patagii 
longus, that of the other to the tensor patagii brevis ; or 
{Podargufi) there is but one muscle which divides into two 
tendons ; or the origins of the two tendons are separate, one 
of them commencing with a special muscle, the other arising 
as a tendon from the surface of the pectoralis ; or both may 
be tendinous in origin. Finally, there is in tinamous and 
gallinaceous birds (some) a .special ' propatagialis posticus^ 
joining with its tendon that of the other muscle. The 
pectoralis abdominalis, totally absent in nearly all ratites, in 
storks, various hawks, &c.. is divisible into two parts, of 
which one or other is sometimes wanting. The ])ars posterior 
springs from the pelvis and adjacent fasciae ; it ends in front 
freely or comes into more or less close relations with the pars 
anterior. In Anseres, for example, the two fonn one con- 
tinuous band of muscle, their boundaries being simply marked 
by a slight tendinous inscription. The pars anterior arises 
from the skin close to the termination of the last, or is, as 
already mentioned, continuous with it ; it generally ends upon 
the^ humerus, near or in common with the insertion of the 
main part of the pectoral. In a few birds (quite remote 
from each other in the system, PelecatuiSy Chaunay Cathartes) 
the terminal tendon is lost in the axillary region ; a more 
remarkable modification, possibly of classificatory importance, 
is described later in Crgpturus, In a variety of birds there 
is a slip from this muscle to the metapatagium. 

Latissimm Dorsi , — This muscle is divided by Furbrin- 
(iER into three sections — 

(1) L. rf. anterior, 

(2) L. d, posterior, 

(3) L, d, metapatagiahs and dorso-cutaneus. 

The first-named muscle is totally wanting in Apteryx and 
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Alcedo hengalensis} It arises in other birds from the spinal 
processes of a varjdng number of cervical and dorsal vertebraB. 
The narrowest area of origin is seen in Alcedo, Macrochires, 
and various passerines, where it embraces at most a single 
vertebra. In other birds it may arise from as many as four 
and a half vertebras. The broad fleshy or tendinous, or 
partly fleshy and partly tendinous, insertion varies in width. 

The second division is entirely wanting in Otis, Pterocles, 
many passerines, &c. It arises from the spinous processes of 
posterior dorsal vertebrsR, ilium, and even adjacent ribs. Its 
origin is usually widely separated from that of anterior ; but 
there are various intermediate conditions which culminate in 
the cuckoos, Macrochires, and some other birds, where the 
two muscles form one, wdth, however (save in Cypsclus), 
separate insertions. The insertion of this muscle is by a 
slender tendon in front of that of the latissimus dorsi 
anterior. 

The latissimi dorsi rnetapatagialis and dorso-cutaneus 
are two slips running to the metapatagium and tlie neck 
region of the skin respectively. They are not often both 
present, but are in Apteryx, Charadridoe, Alcida', and some 
gallinaceous birds. They are both absent in ratites (excl. 
Apteryx), Macrochires, Colii, Bucerotidee, &c. The dor so- 
ctUaneus is the rarest, and apart from the instances mentioned 
is found only in the Cracidae, piciform birds, and passerines. 

Cucullaris. — This is an extensive muscle occupying Jhe 
greater part of the neck. The only muscle superficial to it 
is the sphinctor colli. It has two main divisions. The 
pars cranialis arises from the region of the occipital and the 
squamosal ; in many birds (of the most diverse orders) a 
branch is given off from this (the dorso-ciitamm), which 
ends on the back below the spinal pterylon, whose feathers 
it raises. The main part of the muscle ends upon the 
clavicle, or sternum, or ligaments in the neighl)ourhood. 
In some birds a part of the fibres end upon the fascia 
covering the pectoralis primus, and in those with a crop 
some of the deeper fibres come into relation with that 

* Kot in A. upida. 



MUSCLES OF THE FORE LIMB 


81 


organ, forming a levator ingluviei. A portion of the cucullaris 
also directs itself towards the patagium, and in most Passeres 
and in parrots, Pici, and Upupa forms a special cucullaris 
propatagialisy joining the tensor longns tendon. The pars 
cervicalis of the cucullaris arises from the dorsal edge of the 
neck, and is inserted near or in common with the other part. 
In many birds {e.g, Anseres) a slip is given off from this 
which supplies the humeral pterylon. It is termed the cucuU 
laris dorso-cutaneus, 

Rhornboideus Externus, — This muscle arises tendinously, 
the width of the tendinous part being about the same as 
that of the muscular part, from the last cervical and from 
the dorsal vertebrie ; it is inserted fleshily along the whole 
length of the scapula. The muscle varies but slightly ; the 
origin is more or less extensive, and the vertebrie from 
which it arises are not always the same. Its insertion is 
not always limited to the scapula, but sometimes extends on 
to the furcula. In Casiiarius and Aptenjx the muscle arises 
from the ribs. 

Rhomhoideus Profundus , — This muscle also arises ten- 
dinously from the neural spines of the dorsal vertebrae, or 
from both dorsal and cervical. Its origin sometimes extends 
as far back as to the ilium. It is inserted into the 
scapula below the last. In Casuarius and Apteryx this 
muscle arises from the ribs. The rhomhoideus profundus is 
occasionally divided into two distinct parts ; in Megalama 
there are three distinct divisions. 

Serratus Superficialis, — This muscle is divided by Ftis- 
BRINGER into three parts, of which two are always present, 
while the third is sometimes absent. This is the pars 
metapatagialis. The pars anterior anses from one or more 
ribs on the boundary' line between the cervical and dorsal series. 
It is attached to the scapula along the ventral border, but, quite 
exceptionally, in Rhea on to the dorsal border. The pars 
posterior springs from a varying number of dorsal ribs, and 
in several birds (e.g. Rhamphastos) it, with the pars anterior, 
which can hardly be separated as a distinct muscle, springs 
from a considerable number of ribs — five in the case referred to. 
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It has generally a broadish insertion on to the scapula, %tit 
in Meiglyptcs, many Passeres, &c., it is attached merely to the 
extremity of that bone. The pars metapatagialis is absent 
in ratites (except hummingbirds, and a few others. 

It springs from 1-4 ribs, and is inserted on to the meta- 
patagiuni. 

Serratus Profundus, — This muscle is highly developed 
in Struthio and CasuariuSy less so in other struthious birds 
and in the Carinates. It arises from a variable number of 
cervical and dorsal ribs, and it passes backwards (in the 
contrary direction, therefore, to the serratus superficialis) to 
be inserted on to the scapula. 

Patagialis.^ — This muscle, concerned with the folding of 
the patagial membrane, is present in all birds except the 
struthious. It arises from the clavicle and from the tip of 
the scapula, is sometimes divided into two muscles from the 
start, and sometimes arises as a single muscle, which 
immediately divides into two tendons, the tensor patagii 
longus and the tensor patagii brevis. Exceptionally the 
former may be absent. In a specimen of Crcx pratensis 
the representative of tensor patagii longus was found by 
Garrod to be simply the biceps slip, a muscle that will be 
treated of presently. The size and importance of this 
muscle vary considerably ; it is largest in the parrots, 
where, indeed, it is uncertain whether a part of the deltoid 
has not been converted to a similar function. This matter, 
however, is dealt with under the description of that family. 
The tensor patagii longus always ends in a single tendon 
which runs aloiig the anterior margin of the patagium and is 
inserted on to the metacarpal. It is usual for the middle 
part of this tendon to be of a more fibroid character and of 
a yellowish colour, contrasting with the steely and typically 
tendinous aspect of the other tendons arising from the 
tensores. Very commonly the entire tensor muscle is 
reinforced by a tendinous or muscular slip from the pecto- 
ralis, and Sometimes there is a separate slip to each of the 

‘ G. Bcchet, ‘Premiere Note sur TAppareil Tenseur,’ Ac., C. R. Soc. BidL 
1SS8, P.828. 
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two tensores. It is also very general for one of the two 
tendons, or for both before their division, to be attached by a 
tendinous slip to the deltoid crest of the humerus. The 
tensores patagii are of considerable use in classification. 
But it must be admitted that they are apt to vary greatly 
from genus to genus. The variations chiefly concern the 
more or less complicated condition of the tendons of the 
brevis. The simplest condition is seen, e.g,, in Bhamphastos 
Cuvieri, where the tendon is single and is attached below to 
the tendon of origin of the extensor metacarpi radialis. 

A further degree of complication is seen in, e.g., a cuckoo, 
where the single tendon gives off, near to the fore arm, a slip 
running obliquely w ristw ards, which is attached to the tendon 
of the extensor metacarpi radialis. In the limicolous birds the 
main tendon is usually divided from the first into two, of 
which the anterior has the wristward slip, already referred 
to ; in those birds and many others there is the further 
complication of a band of tendinous fibres which arise at the 
junction of the WTistward slip with the fore arm, and pass 
obliquely forwards and upwards to be inserted on to the 
tendon of the longus. This slip is termed, in the following 
pages, the ‘ patagial fan ; ’ it is frequently of a fanlike form. 
The tendon of the tensor patagii brevis has not always the 
regular fonn that it has in the types that have been already 
selected for illustration. In the tinamou, Bhynchotus, for 
instfince, the tendon is a diffuse fascia spreading out over 
the greater part of the patagial membrane ; in other birds, 
e.g. storks, it is a broad, rather diffuse band, as a rule with 
a thicker edge or edges. A peculiar condition of the 
tendons of the brevis characterises the auks, some gulls, and 
at least one limicolous bird. In them (see below) one or 
two delicate tendons arise from the longus tendon near to 
the insertion thereon of the patagial fan, and run obliquely 
backwards and downwards to be attached on to the dorsal 
surface of the fore arm — the reverse side, that is to say, to 
that to which the other tendons which together make up 
the tensor patagii brevis are attached. 

In some birds, e.g, certain passerines, the tendon of the 
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tensor longus is reinforced by a muscular slip ending in a 
tendon which is derived from the cucullaris muscle. Another 
muscle which is also related to the patagialis in an analogous 
way has been termed the ^ biceps slip ’ {q,v) 

Ancofueus Longus , — This muscle arises from the neck of 
the scapula alone, by a head which is entirely tendinous or 
partly muscular, or in addition from the edge of the scapula, a 
little further away from its junction with the coracoid, by a 
tendinous head. It is inserted by a broad tendon on to the 



Fio. 49. — Teksores Pataoii of PhcenicoiAeruH. 

T,P,L^ tenwir longUH ; teusor pataKli brevis ; iit, biceps 

Hlip ; E.C.R, extensor carpi radlalls. After Wf.mkjn.) 


elbow joint. Sometimes there is an accessory head from 
the humerus, which in this case arises, as a rule, in common 
with the tendon of insertion of the posterior latissimus 
dorsi. In Palamedea this head is double, the two halves 
being imited by cross tendinous threads. On the whole the 
humeral head is characteristic of Garrod’s Homalogonatae 
and not of the Anomalogonatae ; but there are exceptions on 
both sides. The breadth of the humeral head varies greatly ; 
it is sometimes reduced to a thin thread. 
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triceps . — This muscle springs from the greater part of 
the humerus fleshily by two heads, of which one — that from 
the tuberculum minus — is often tendinous. The name 
triceps, be it observed, has been given to the muscle on the 
understanding that the last-described muscle is a part of it. 
Their tendons of insertion join. 

Expansor Sccundariorum} — This extraordinary muscle 
appears to be partly a skin and partly a skeletal muscle. 
A bundle of non-striated fibres arises near the secondary 
feathers of the arm and ends in a tendon. This is occa- 
sionally reinforced by a band of striated fibres arising 
from beginning of ulna. The long tendon is inserted in 
various ways. The typical condition (termed by Garrod 
‘ ciconiine ’) is for it to be inserted into the middle of a liga- 
ment running from the scapulo-coracoid to the stemo- 
coracoid articulation. Other modifications occur among the 
gallinaceous birds (j.v.), &c. The muscle is totally absent 
in Struthiones, Sphenisci, Ale®, Psittaci, the majority of Pico- 
Passeres, and in a few species of groups where it is usually 
present. 

Sterno-coracaideiis. — This muscle, wanting onl}^ in the 
Maorochires, runs from the anterior lateral border of the 
sternum to the adjoining region of the coracoid. The muscle 
shows every stage between a single muscle and a completely 
double one. It is double, for example, in Casiiarius, In 
Stmihio, Chauna, and some other birds where there is but 
one sterno-coracoid, it is the homologue (according to Fur- 
BRINGER) of the deeper section of the double muscle. 

Scapido-humeraUs Anterior. — Kuns from the beginning 
of the post-glenoidal region of the scapula to the beginning 
of the dorsal surface of the humerus. It is a muscle which is 
frequently absent. F urbringer failed to find it in Struthiones, 
Sphenisci, Fregata^ Chauna, Colomb®, Pterocles, Chunga, 
Bticorvus^ &c. 

Scapulo-humeralis Posterior. — Contrary to the last this 
is a large muscle and is never absent. It arises from the 

' GiiBRop, ‘ On the Anatomy of Chauna derhiana' Ac., P. Z. S. 1875 
p. 198, Ac. 
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hinder part of the scapula and runs to the humerus, where 
it is inserted on to the tuberculum mediale. 

Caraco-brachialis Externus . — This muscle, which is 
relatively larger in the struthious birds, rans from the 
coracoid to the beginning of the ‘ planum bicipitale ’ of the 
humerus, where it is generally covered by the tendon of the 
biceps. It is noteworthy that among carinate birds this 
muscle is largest in the tinamous, which thus approach the 
ostrich tribe. It is most reduced in the Passeres, in some 
of which, indeed, it has actually disappeared. 

Coraco-hrachialis 772 ferw ms.— S prings from the coracoid 
and often from neighbouring parts of sternum. It is inserted 
on to the median tubercle of the humerus. 

Pectoralis II . — This muscle arises from the ventral 
surface of the sternum, from the coracoid, and from 
the coraco-clavicular membrane. It is inserted by a long 
tendon of attachment to the lateral tubercle of the humerus. 
Thq muscle is small in ratites, large in carinates. 

Deltoides Major . — Arises from the acromion and the 
dorsal part of the clavicle, and is inserted on to the deltoid 
crest of the humerus. The muscle and the length of its 
attachment vary much in size. It is large in Aocipitres, 
PaMeres, (fee., small in Ale®, Psittaci, &c. It appears, indeed, 
to be absent in Psittacula. 

Deltoides Mimr . — This is a small muscle passing from 
the neighbourhood of the foramen triosseum. It is absent in 
Phaethornis and (occasionally) in Cypselus. It is also 
absent in Struthiones. 

Biceps . — This muscle consists typically of two heads, as 
its name denotes. The longer of these arises from the 
coracoid by a long tendon. The second head arises also 
tendinously from the head of the humerus. The insertion 
of the muscle is double, on to the radius and the ulna. The 
division commences at a varying distance from the actual 
insertion. 

In the penguins this muscle is totally absent. In 
GolymhuSt Pelecanoides, Thalassiarche, and other petrels, in 
some Alcidae, the coracoid head alone is present, the humeral 
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heaJ0 being in some of these birds entirely diverted to form 
the biceps slip to the patagialis (q-v,) The coracoidal head, 
.when it exists alone, may be divided into two quite separate 
muscles, uniting only at their very origin. This is the case 
with certain Alcidse. This division of the coracoidal half of 
the muscle also exists in the Larida3 and in certain Lixnicolfle, 
where there is a humeral head present also. In the Stega- 
aopodes both heads are present, but the humeral head after 
its attachment to humerus is continued on to the coracoid. 
A trace of this arrangement is apparently left in soipe birds 
(e.g. Porphyria), where, though the humeral head arises from 
the humerus only, a ligament passes on from that part to 
the coracoid. 

Brachialis Inferior, — A flat fleshy muscle arising from 
the distal part of the humerus, and inserted upon the ulna. 
In the penguins (where the biceps is absent) this muscle is 
particularly large, and is inserted on to the radius. 

Pronator SiihliniLs, -This muscle springs tendinously from 
the inner condyle of the humerus and is inserted fleshily, 
and for a varying distance in various birds, upon the second 
third to second eighth of the radius. 

Pronator Profundus. — This muscle lies deep of the last, 
but has a similar origin and insertion. In the Ratitse this 
muscle and the last form a single muscle. 

Entepicondijlo’ulnaris. — This muscle, found apparently 
only in Galli and Tinami, arises in common with the pro- 
nator profundus, and is inserted on to the ulna. 

Ectepicondylo-radialis. — This muscle arises tendinously 
from the outer condyle of the humerus and is inserted 
fleshily on to the radius. It appears to be wanting in the 
penguins, and to be largest in the (Jalli. 

Ectepicondylo-ulnaris, — This muscle arises from the 
outer condyle of the humerus, and is inserted similarly to 
the last upon the ulna. Its insertion is fleshy, and in 
Palamedea it is larger than the last. 

Flexor Carpi Ulnaris, — This arises from the inner con- 
dyle of the humerus by a strong tendon, in which there is 
a well-marked sesamoid ; it runs down the inner side of the 
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ulna to be inserted on to the great tuberosity of the uinar 
carpal bone. A thin muscle arising from it passes into a 
tendon which is connected with the secondary feathers. 
The above refers to Palamedea. In penguins the entire 
muscle is represented bj' a tendon only. 

Extensor Digitorum Conimiuiis. — Arises from the external 
condyle of humerus. It splits on the hand into two tendons, 
of which one is inserted on to the basis of the first phalanx 
of digit I., the other on to the corresponding phalanx of 
digit IL In Struthio the first of the two tendons is wanting. 
In the penguins the muscle is represented only by a tendon 
which is inserted on to the outer side of metacarpale II. and 
on to the basis of the first phalanx of that digit. 

Extensor Longns Poll ids, — This muscle arises from the 
proximal region of both radius and ulna. The common 
tendon is inserted on to the origin of metacarpale I. 

Extensor Indie is Long us , — This muscle is two-headed. 
The longer head arises from the radius from its middle two- 
thirds, but sometimes also receives a few fibres from the 
ulna ; the second much shorter head springs either from the 
distal end of the radius or from the os carpi radiale, or 
finally from the basis of metacarpale IL ; the united tendons 
are inserted on to the head of the first and the basis of the 
second phalanx of digit II. The second head is absent in 
Fidica and in some other birds. 

Interosseus Dorsalis. — This muscle arises fleshily fi*;:)m 
the opposed surfaces of metacarpals II. and III. The 
common tendon is inserted on to the base of the second 
phalanx of the second digit. 

Interosseus Palmaris, — Has an origin from the same 
metacarpals as the last and is inserted on to the first phalanx 
of digit II. 

Ulni-metacarpalis Ventralis, — It arises fleshily from the 
radial face of the last quarter of the ulna, and is inserted on 
to the head of the first metacarpal. 

Ulni-metacarpalis Dorsalis. — This springs by a tendon 
from the distal region of the ulna, and has an insertion upon 
the third metacarpal. 
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^Extefisor Metacarpi Ulnaris , — Springs from the external 
condyle of the humerus. There is generally a second head, 
which, instead of being tendinous, is fleshy and rises from 
the humerus a little below the first head. The tendons in 
which the two end do not join until a little before their 
insertion on to the base of the metacarpal of digit I. The 
degree of separation of the two heads differs considerably. 
In the penguins only one head is present. 

Flexor Digitorum Sublimis , — From the internal condyle 
of humerus to os carpi ulnare is a strong aponeurotic fascia, 
from the distal end of which springs the muscle in question, 
to be inserted on to phalanx I. of digit II. In Palamedea Mr. 
Mitchell and I traced the tendon to the base of the second 
phalanx of the same digit. In Psittacus and Columba the 
tendon has the same extension. In Stnithio the muscle is 
entirely absent. 

Flexor Digitorum Profundus . — This springs from the 
middle and proximal third of the ulna, and is inserted on to 
the basis of the second phalanx of the second digit. In 
CorvuSf &c., the muscle is tw'o-headed, the two heads being 
separated by the insertion of the brachialis intemus. In 
other birds the extent of the origin varies. 

Abductor Indicis , — From metacarpal Il.tobasisof phalanx 
I. of digit II. In Palamedea it also arises from the flexor 
pollicis. 

•F^lexor Pollicis . — From metacarpal I. to thumb phalanx. 
In Palamedea its fleshy belly gives rise to a slip which passes 
to the abductor indicis. 

Adductor Pollicis . — In Palamedea it arises from the meta- 
carpal just beyond the articulation of the thumb ; it ends 
in the ala spuria and not on the thumb bone. In some 
birds it has also a connection with the thumb bone. 

Extensor Pollicis Brevis . — This muscle arises fleshilyfrom 
the second metacarpal. It is inserted on to the phalanx of 
the thumb. 

Abductor Po/iicis.— This muscle arises from metacarpal I. 
and passes to phalanx of same digit. 
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Flexor Dig it i III. — Arises from metacarpal III. and is 
inserted on to basis of phalanx I. of same digit. 

Flexor Metacarpi Badialis. — This mnscle arises from the 
outer condjde and is inserted on to the ulnar border of 
metacarpal II. or on to the beginning of metacarpal III. 

Muscles of the Hind Limb 

Sartor ius} — This is a broad strap-shaped muscle arising 
from the ilium and from the fascia covering the glutsBUs 
maximus ; it is inserted on to the ligament containing the 
patella, and on to the crest of the tibia. The muscle has an 
origin which sometimes extends further forwards, and is 
then overlapped by the latissimus dorsi. Sometimes, on 
the other hand, its insertion moves further back. In 
Pheenicopterus the muscle is divided into three distinct 
portions. 

Glutceus Maximus^ — This often large muscle was used 
by Garrod ^ in his muscular classificatory scheme, and at 
first termed the tensor fascite. It has an origin which is 
sometimes entirely in front of the acetabulum, and some- 
times extends behind it. It arises teudinously from the 
fascia covering the glutseus medius, and from the ridge of 
the ilium ; its insertion is tendinous on to fascia covering 
thigh. 

Glutmus A nterior,^ — This muscle arises from the ridge of 
the ilium below the last, by which it is entirely covered ; it 
is inserted by a tendon on to the outer face of the thigh. 
The most remarkable modification which this muscle under- 
goes is its entire conversion into tendon in Bucorvus, &c., 
in which birds it comes to be merely a thigh ligament. 

Glutceus Medius.^ — This arises fleshily from the ilium, 
and is inserted by a short strong tendon on to head of 
femur. 

* * lliO'tibialis intemns ’ (Gapow). * extemus * (Gadow). 

* ‘ On certain Muscles of the Thigh of Birds,’ Ac., P. Z. S, 1878, p. 626, and 
1874, p. 111. 

* * llio femoraliB extemus ’ (Gaoow). 

* * IHO'trochantericus xnedius et posterior ’ 
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^Ghitmis Quartus } — This is a small muscle lying at its 
insertion between that just described and that about to be 
described. 

Glutaus Minimus } — This muscle is also small, and 



Fio. 50, -Mitscleb of Leg or Paloittedea, Outer View (after Bedoaiu) 
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arising from the ilium is inserted next to the last on to the 
neck of the femur. 

Pexiinetts} --This is a smallish muscle arising below the 

» ‘ Ilio irochantericus medius et posterior ’ (G.U)ow). 

* * llio-trochantericus anterior * (Gapow). 

® ‘ Ilio-feraoraliB intemas ’ (Gaik)w). 
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origin of the glutseus quartus and inserted on to the inner 
face of the femur below the head. 

Vastus Externus,^ — This arises fleshily along the greater 
part of the outer side of the shaft of the femur ; it is fused 
with the crureus in front, and ends with it upon the patellar 
ligament. 

-This is tendinous on the outer surface at its 
origin from the neck of the femur ; it also arises from a 
considerable part of the shaft of the femur and is inserted 
as has already been described. 

Vastus Internus,^ — This arises from the inner surface of 
the shaft of the femur and is inserted on to the tibia along 
with the tibial insertion of the sartorius. 

Obturator Externus!^ — This is a small deep-lying muscle, 
which arises from the ischium or the ilium, or even partly 
from the pubis ; it is inserted on to the trochanter. 

Obturator Internus.^ — This muscle arises from the mem- 
brana obturatoria and from the ischium. It is inserted on 
to head of femur. Garrod * laid some classificatory stress 
upon the shape of this muscle, oval or triangular. 

Gemellus.^ — This is a small fleshy muscle, double or 
single, surrounding the tendon of insertion of the last. 

SemitendifwsusJ* — In Palamedea thismuscle arises fleshily 
from the ilimn behind the biceps ; it is half an inch broad, 
and, after being joined by the small accessory which springs 
from the femur near its distal end, sends a flat tendinous 
slip to the semimembranosus. The rest of the tendon of the 
muscle joins the middle head of the gastrocnemius. The 
muscle shows considerable variations in its attachments and 
size. It is completely absent in the owls, hawks, and swifts. 
The accessory head is absent in kingfishers, many Stegano- 
podet, Colymbus, &c. 

' * Femori-tibiAlifl * (Gadow). * ‘ Ischio-femoralis * 

• ‘ Obturator * (Gadow). 

* * On the Anatomy of Chauna derhiatui,^ <fec., P. Z. S. 1876, p. 196. 

* * Aocessorii musouli obturatoris * (Gadow). 

• ‘ Caud-ilio-flexorius ’ (Gadow). 
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" Femorocaudal} — This is another of the variable muscles 
of the thigh. Typically the muscle is two-headed, one head 
arising from the transverse processes of the caudal vertebrae, 
the other (termed by Garrod accessory femorocaudal) from 
the ilium. The two are inserted together upon the flexor 
side of the femur, as a rule by a longish tendon. 

The variations culminate in the entire absence of the 
muscle, which occurs in Chirnga Burmeisteri and Leptoptilus. 
In some species — for example, in most Passeres and picarian 
birds — the caudal portion is alone present. In others — e.g. in 
Serpentarius, Otis, Phcenicopteriis, the iliac portion is alone 
present. 

Biceps Femoris} — This muscle is covered externally by 
the glutaeus maximus where this is present ; otherwise it is 
the most superficial of the flexors of the leg. It arises from 
the postacetabular region of the ilium, and ends in a strong, 
generally round, tendon, which passes through a sling of 
tendon which is derived from the femur independently, and 
from the same bone in common with one of the heads of the 
gastrocnemius, to be inserted on to the fibula. The principal 
variations of the muscle concern its more or less extensive 
origin. It has never been known to be absent. In Cory- 
thaix Gadow states that it is double. In the ostrich and in 
the ducks and swans there is the usual sling, but before 
entering the sling the biceps gives off a branch, which joins 
onfe of the heads of the gastrocnemius. In Fregata and in 
sbme swifts quite exceptionally the sling is totally absent, 
but the muscle has the usual insertion. In certain auks the 
muscle gives off, before entering the biceps sling, a branch 
to the thigh superficially. In Podica senegalensis the 
muscle divides into three branches. The first of these has 
a considerable superficial attachment to the outside of the 
leg ; the second is attached to the fibula below the attach- 
ment of the third insertion, which is the normal one, through 
a sling. In Heliornis only the first and third of these are 
present. 

' • Oaud-ilio-femoralis ’ (Gakow). * ‘ Ilio-fibularis ’ (Gadow). 
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Semimembranosus } — Arises from the ischium, sometimes 
trenching a little upon the pubis. It is inserted upon the 
tibia. The variations which it shows are mainly of size. 
In Phcenicopteriis it is two-headed, and in certain Falconidae 



Fio. 51. — Lkg Muscles oe PalametUa, Innkii View (aktkk 
AN r> Mitchell), illustrating Biceps ani> its Slino. 


completely double. It in often inserted in common with 
the semitendinosug. 

Adductors } — These are, as a rule, two broad, flat, fleshy 
bands, which arise from the pubis, and from the ischium, 
and are inserted upon the inner edge of the femur. The 
separation between the two parts is less in some birds than 


* * Ischio-flexorias ’ (Gxuow). 


^ * Pub^ischio-femoralis ’ (Gadow ). 
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in others. There is also occasionally {e.g. hombills) an 
additional attachment to the gastrocnemius. 

Amhiena . — This muscle, as is well known, is not present 
in all birds. Though the late Mr. Garrod used it largely 
in his scheme of classification, its mere presence or absence 
is not an absolute guide to the systematic rank of the bird. 
Broadly speaking, it is present in all the birds which 
Garkoi) called homalogonatous, or normal-kneed, and 



Fi<>. 52. -liKci MrscLKS of Balearica (aftek Mm hell). The 
Ambienh Texhon is cut. 

1. flexor longiiA luillueiM ; 2-4, tl<*xore» ; 2', 3' tlcxorc^ lU’rforati et jierfoi-Hiites. 

it is absent in all the birds which were termed by him 
anomalogonatous, or abnormal-kneed. But there are excep- 
tions, at any rate on one side. Thus while the muscle is 
present in the storks generally it is absent from the nearly 
related herons, and, indeed, is absent in three storks, Xeno- 
rhymhus, Ahdimia, and Dissura. WTien the muscle is 
present it has as a rule the relations described above ; but 
in a few birds it does not reach beyond the knee, thus 
showing, perhaps, an incipient disappearance. The import- 
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ance of this muscle in classification has been much increased 
by Mitchell’s interesting paper upon its exact relations 
to the flexors of the leg in a series of birds.' He has shown 
that in Balearica chrysopelargus the mass of muscle which 
forms the flexor perforatus arises from three distinct heads ; 
one of these is, in common with the flexor longus hallucis, 
from the intercondylar notch of the femur ; the second is 



Fio. 53. — Leo Muscled or Opisthoconius (^fter Mitchell). 

Il-rV, flcxorc« pcrforatl. 

from the outer condyle of the same bone ; the third is from 
the tendon of the ambiens. This tendon divides into three, 
one for each of the three divisions of the flexor perforatus. 
The arrangement will be obvious from the accompanying 
cut. Apart from slight differences in detail the same 
arrangement was found to hold good for a few other birds 
provided with an ambiens. 

' ‘ On the Perforated Flexor Muscles in some Birds,’ P. Z. S, 1894, p. 40S. 
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Ih Nycticorax Gardeni, which has no ambiens, there is a 
difference in the origin of the flexors in question which is of 
great interest. The two origins from the femur are as in the 
crane. But there being no ambiens there can be no origin 
from that muscle. Nevertheless the third head of the 
flexors is present in the shape (see fig. 53) of a broad ten- 
dinous band arising from the fibula, which soon divides into 
the three tendons to the three muscles, precisely as does the 
tendon of the ambiens. This is highly suggestive of the 
rudiment of an ambiens, a suggestion which is confirmed on 
referring to a specimen of Opisthocomm without a fully de- 
veloped ambiens (fig, 53). And as the herons are birds which 
are presumed to be really homalogonatous birds, though 
they have lost the ambiens, the fact is of additional interest ; 
particularly is this so when w-e compare the conditions 
obtaining in Nycticorax with those which characterise 
Corvus, a clearly anomalogonatous bird, none of w^hose near 
relatives possess an ambiens. In Corviis capellanus it was 
discovered that the flexors usually connected with the am- 
biens, or with its rudiment, had no origin from the fibula 
at all, and arose by only a single head from the femur. The 
same was practically the case wuth Bubo maximus, only 
that both femoral heads were present. Now the owls, 
formerly relegated to the Aocipitres, are more generally 
looked upon as related to the picarian birds, forming, in 
fact, 3, section of the anomalogonatoB of Garrod. The state 
of their ambiens is entirely confirmatory of this placing. 
We have some evidence, therefore, that there are degrees in 
the disappearance of the ambiens, which, so far as the few 
types that have been examined enable us to say, distin :tly 
support the division of birds into the two great divisions of 
Garrod. 

Peronem Superficialis, — Confined as a rule to the tibia 
in its origin, this muscle sometimes springs also from the 
fibula. The tendon of insertion, after giving off a branch 
to the tarsus, becomes attached to the tendon of the flexor 
perforatus digiti III, This muscle is occasionally completely 
absent ; this is the case with various Picopasseres, owls, &c. 

H 
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In PodicepSy according to Gadow, there is no branch tb the 
flexor tendon, the tendon of insertion ending at the ankle. 

Peroneus Profundus , — This muscle arises from the lower 
part of the tibia, and is inserted on to the outer side of the 
ankle. It is completely absent in such birds as Ciconia, 
OtiSy &c. 

Gastrocnemius. — This great muscle occupies the greater 
part of the back of the leg. It has three heads, of whicli 
the outer arises from the outer condyle of the femur, and 
from the ligament which supports the insertion of the 
biceps ; the inner head springs from the inner side of tlie 
head and neck of the tibia : the middle head is confused at its 
origin with the insertion of the accessory femoro-caudal. 
This middle head appears to be wanting in Cypsehis, It is 
inserted by a strong tendon to the tarso-metatarsus, and 
also, dividing, to the phalanges of the toes. 

PopUteiis. — This muscle passes between the tibia and 
the fibula in most birds, but has been found to be sometimes 
absent (e.g. PicuSy &c.) 

Tibialis Anticus. — This muscle arises by two distinct 
heads. The first is entirely tendinous, and is from the 
external condyle of the femur. It forms a long and strong 
ligament, which runs over the knee ; the second head is 
fleshy, and is from the front part of the head of the tibia. 
Its long tendon of insertion is attached to the metatarsal. 
In certain birds (Chrysotis, PodarguSy and owls) the tendon 
and even a portion of the muscle are double. 

Extensor Digitorum Communis. — This muscle arises gene- 
rally from the front part of the tibia only, but sometimes its 
fibres of origin stray on to the patella and on to the fibula. 
The divisions of the tendon of the muscle are usually inserted 
on to several phalanges of the toes, which they supply. It 
is remarkable that the parrots are the only birds in which this 
muscle supplies the hallux as well as the other toes ; it is, 
therefore, in them, as Gadow remarks, truly an extensor 
communis. In other birds digits I., III., IV. (when present) 
are the only toes supplied. The common tendon divides in 
various ways ; in Grus virgo the tendon divides into two. 
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and each of these again divides ; there are thus four tendons, 
of which the two middle ones supply the third toe. In 
Ptiloyiorh ynchus violaceus the tendon first gives off a branch 
to the second toe, and then divides for the third and fourth. 
In lihamphastoH carinatuH all three branches are given off at 
the same level. In Pharomacrus mocinno the extensor sup- 
plies only the two middle digits. In Scoinis there is a slight 
variation of what is found in Gras, Nothura, &c. The 
tendon divides into three, and the middle one again divides 
into two, both of which latter supply the middle digit. 

The superficial flexors of the foot consist of — 

Flexor Per/oratus et Perforans Indicis (fig. 51). — Arising 
from the outer condyle of the femur, and from the septum 
between itself and adjacent muscles ; its tendon is inserted 
on to base of second phalanx of its digit. 

Flexor Perforatus et Perforans Medii . — Has two heads 
of origin, one as in last, the other from fibula. Its tendon 
perforates that ot flexor perforatus of the same digit, and is 
perforated by flexor profundus ; it is inserted on to base of 
second jdialanx (in PaUumdea, third in Ciconia) of its 
digits. 

Flexor /V/;/bra^WcS. — This muscle (see figs. 52, 53) arises 
from two heads, an inner liead from the intercondylar notch 
and an outer head from the outer condyle of the femur. As 
will be seen from the annexed cuts, those portions of the 
musble which supply digits HI. and lY, have slips from both 
heads, but not that which supplies digit II. These muscles 
also arise either from the ambiens or from the fibula, as has 
been explained above under the description of the ambiens. 
The tendon to digit II. is inserted at the base of the first 
phalanx, that to digit III. is usually joined by a vinculum 
(absent in Opisthoconius, Ajsio otiis, and Rhytidiceros plicatus) 
to tendon of flexor perforatus et perforam medi% and is 
inserted on to base of second phalanx of digit III. The third 
tendon has four slips of insertion, on to four proximal 
phalanges of digit IV. The descriptions of the insertion of 
these tendons applies to Ciconia nigra. There are varia- 
tions. 
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Flexor Profundus . — Arises from nearly whole hinder 
surface of tibia and fibula, and sometimes also by a head 
from the outer condyle of femur. 

Flexor Hallucis.-~Ax\%es by a single head, or by two 
heads, from the outer condyle of femur and from inter- 
condylar region. 

The tendons of the two last-described muscles arc con- 



Fio. GalltiS hankiva (aftek Fio. Sry,— Apteryx ManUlli (aftkk 
Gabbod)« Gabhod). 

nected with each other in various ways, which have been 
described and illustrated by Mr. Gabrod.' In using his 
figures I accept the seven types admitted by Dr. Gadow.* 
(1) In gallinaceous birds, pigeons, parrots, storks, &c., the 
tendons cross, and are united by a simple vinculum (fig. 54). 

* * On the Diepoeition of the Deep Plantar Tendone in different Birds,* 
P. Z.S. 1875, JK 389. 

* In Newton*fi Dictionary of Birds, p, 617. 
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(Si) In Apteryx, &c., the vinculum is very strong, and 
forms the direct continuation of the tendon of the flexor 
hallucis ; the tendon to the hallux has the appearance of 
being a branch of this (fig. 55). 

(3) In many Accipitres the flexor hallucis divides into two 
parts at the lower end of metatarsus ; one of these goes to hal- 
lux, the other blends with the branch of the flexor communis 



which supplies digit II. ; there may be in addition a strong 
vinculum, uniting tendons before their splitting (fig. 56). 

(4) In lihca, Phwnicopterus, &c,, where hallux is small 
or absent, the two tendons are present, but fuse together, 
branching later to supply the digits present. 

(5) In Buceros, Podargus, Sarco7'haviphus, &c., the two 
tendons fuse completely before supplying the digits (fig. 57). 

(G) In Megalwmay RJiafnphastidec, &c., the vinculum 
is present, but flexor digitorum supplies only digit III., 
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the others being supplied bj^ trifurcate flexor hallUcis 
(fig. 58). 

(7) Both tendons present, but no vinculum at all in 
Passeres (fig. 59). 

Of these seven types there are naturally modifications 
and intermediate conditions, which will be described in the 
systematic part below . 

Short Flexors. —Of these there are tw’o series ; one set 



in 

Fio. 5S.— Megalama (xrrv.n Fio. 59.— A Pakrfuink Fmrr 

Garbod). (aftku Oajikoi»). 

arises from the bones of the metatarsus, the others from the 
long tendons. We shall commence with the first set. 

The flexor hallucis -brevis is often (Palaniedea, Aceros) 
composed of two distinct muscles with separate tendons 
and insertions on to the first digit. 

Flexor {adductor) digiti II. is inserted on to the median 
side of the base of first phalanx of digit 11. 

Flexor {adductor) digiti IV. arises near to the last, and 
has a similar relatiop to the basal phalanx of digit IV. 
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Plexor secundus {adductor) digiti IV. is a muscle which 
appears to be generally absent (e.g. Ciconia)^ and is not, 
according to Gadow, mentioned by authors. It is present 
in lihea and Bucorvus. 

The last-named muscle may be the equivalent of the 
first of the two short flexors which arise from the deep long 
flexor tendons. Of these there are two. 

(1) Mitchell has described in Opisthocomus a muscular 
slip which leaves the longus hallucis tendon and runs to the 
fourth digit. A similar muscle is present in Ardea cinerea ; * 
I have found it in the hornbill, Ceratogymna elata (not in 
A ceros u ipalensis ) . 

r2) Another muscle ( flexor breids digiti HI. of Gadow) 
arises from tendon of flexor pro/uudus in Opinthocomm, Rhea, 
&c., and passes to third digit.*^ 

Of short extensor muscles there are at most six. 

The extensor hallucis, generally single, is two-headed 
in Pandion, and formed of two distinct muscles in Pala- 
we (lea. 

The extensor proprius and extensor brevis digiti HI. both 
supply the third digit. In Aceros and Bucorviis a single but 
two-headed muscle appears to represent both. 

The extensor {adductor) digiti 11. is not always present. 

The same may be said of the extensor digiti IV. 

* Muscles of the Neck and Trunk 

These muscles are, many of them, not easy to isolate and 
describe. There is, in consequence of this, some divergence 
in the published accounts. Furthermore, insufficient data 
have been collected for the estimation of the use of these 
muscles in classification. The account which follows is an 
almost verbatim transcript from a paper upon Palamedea^ 
by Mr. Mitchell and myself. 

• It ift suggested by Mitchell that these muscles (which require further 
study) may ‘ throw light upon the origin of the very peculiar modes of distribu- 
tion of the hallpois tendon in some groups of birds, as it has been repeatedly 
shown that a tatidon may be the homologue of a muscle.' 

* Garboi) MS, • Quoted on p. 108. 
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Biventer Cervicis . — The two muscles are perfectly separate 
from each other. They arise tendinous from the spinous 
process of the first dorsal vertebra. Then follow a tendon 
of an inch long, a belly of two inches, again a tendon of four 
inches, then another muscular belly of one and a half inch, 
which is inserted fleshy on to the occipital below the corn- 
plexus, In some kingfishers {q,v.) the two muscles are 
joined by a tendinous limb. 

Coniplexas, — This muscle arises from the transverse pro- 
cesses of the third and fourth cervical vertebras juid from 
the fibres covering the intertransrersarii of the same. It 
is inserted, separated from its fellow by a septum, on to the 
transverse ridge of the occipital. The muscle is entirely 
fleshy. 

Longissimus Dorsi . — It arises by a series of fleshy fibres 
from the front edge of the ilium, becomes tendinous in the 
middle, and then is inserted by fleshy fibres on to the lateral 
surface of the vertebral spine next in front ; the next anterior 
part arises tendinously from the spinous process of the most 
posterior uncovered dorsal vertebra, and is inserted on to 
the vertebra next in front : then follow two of precisely 
similar relations ; the next is carried on to the dorsal surface 
of the longissimus dorsi, as also is the last or most anteric^r 
portion. 

Ilio-costalis, — This complex muscle lies laterally to the 
foregoing muscle ; it is fused at the edge with its fibres.* It 
arises from the ilium and from the transverse process beside 
the attachment of the rib ; two similar slips in front of this 
arise from the transverse process and from the adjacent 
surface of the rib. The ends of the slips are inserted partly 
on to the surface of the ribs and partly pass on to the lateral 
musculature of the neck. 

Cervicalis Ascendevs, — This is the lateral muscle anterior 
to the ilio-costalis. It consists of five distinct slips arising 
from the transverse processes of vertebrae xvi.-xi., with the 
exception of xii. The two posterior are inserted on to 
the vertebrae next in front ; the next two are inserted on to 
the surface of the oblique muscles next in front ; the last 
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one on to the oblique muscle next but one in front. Behind 
these slips, which were obvious, there were indications of 
additional slips both in front and behind, but these were 
not sufficiently differentiated from the adjacent muscles for 
separate description. 

Longiis Cervicis. — This median muscle arises from the 
forward continuation of the longissimus dorsi and from the 
median underlying part of the spinalis complex. 

Spinalis Complex. — This system of muscles lies deeper 
than the foregoing. It is divisible into three parts. Part I. 
(sometimes called the spinalis dorsi) arises apparently only 
from the longissimus dorsi ; it gives off six fleshy bellies 
which increase in length from the posterior to the anterior ; 
they are inserted on to the upper posterior surface of the 
oblique processes of c(u*vicals x.-xvt. In addition the 
superior fibres from these heads form a well-marked rounded 
muscular cord, which runs forward to form the longus colli 
posticus. Part II. consists of only four well-differentiated 
slender bellies ; these arise from the spinous processes of 
cervicals xiii.-xv., and they are inserted on to a continuous 
longitudinal band, the posterior part of which sends slips 
to the three posterior bi'anches of the spinalis dorsi, wdiile 
the anterior end is inserted on to the oblique processes of 
cervicals x., xi., at the roots of the anterior two spinalis 
dorsi bellies. Part III. {longus colli jwsticus) arises from the 
sides of the spinous processes of cervicals ii.-xi., and from 
part I. of the spinalis complex ; it is inserted by digitations 
which merge with the intervertebral muscles in front of its 
origins. It has been specially described and figured by 
GAiinoD for IHotus. 

Rectus Capitis Posticus. — It arises from the spinous 
process of atlas and axis ; its fibres spread out over the 
occipital under the complexus. 

Intertransoer sales. — These muscles are obvious all the 
way along from the ilium to the neck, running between the 
transverse processes of the vertebrao. 

Ohliqui {Transverso-sphmles). —They are clearly differen- 
tiated only from the last to the seventh cervical. They are 
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large fleshy digitations arising from the transverse proces8<i8, 
and inserted on to the lateral face of the spinous processes 
next but one in front. 

Bectus Capitis Anticus Major, —It arises all along the 
neck from the hypapophyses and from fascia ; about the 
middle of the neck it grades into the longus colliy from a slip 
of which it l^rst arises about the level of the seventh vertebra. 
Its broad fleshy insertion is tendinous on the outside^ is 
fused with its fellow in the middle line, and extends for 
about a quarter of an inch on the anterior outer edge of the 
basi -occipital. 

Bectus Capitis Anticus Minor . — This is a fleshy broad 
muscle underljnng the preceding. Its origin is fleshy and 
continuous from first four vertebrop. It has a broad fleshy 
insertion to the extreme outer posterior face of the ridge 
behind the meatus auditorius. 

Longus Colli . — It arises from the middle of the centrum 
of the second dorsal vertebra tendinously, and then by a 
series of tendons from each vertebra up to the overlap of the 
rectus capitis. It is inserted by a series of slips to the 
vertebras in front of its origins. 

Intertuberculares . — These are a series of short muscles 
forming the deepest layer of the neck musculature. 

Interappendiculares Costarum . — The first arises from the 
end of the last free rib, and runs backwards and downwards 
to the lateral anterior process of the sternum ; the secocid 
from the junction of the sternal and costal parts of the first 
complete rib ; it shortly fuses with the third, which arises 
from the costal part of the next rib. These two are then 
inserted together. The fourth arises from the third, fourth, 
and fifth costal ribs and from the space between them, and 
is inserted immediately behind the others. The posterior 
ones are smaller. 

Intercostales Externi , — These are confined to the whole 
of the costal part ; the fibres nm from above in front and 
downwards towards the caudal end. 

Intercostales Interni . — These are confined to the lower 
half of the costal ribs, and are chiefly tendinous. 
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Costi-sternales , — Four slips arising tendinously from the 
sternal ribs, and inserted fleshy to the sternum. 

Costo-sternalis Extenius , — This peculiar muscle, appa- 
rently found only in Palamedeida^, replaces physiologically 
the uncinate processes, as its broad ribbon-like belly runs 
diagonally across the outer surface of the ribs. It arises by 
a very thin flat tendon from the third, fourth, and fifth ribs, 
and from the interspaces 
between them. It is inserted 
to the costal edge of the 
sternum half an inch from the 
posterior end. 

Caudal Muscles 

The caudal muscles (in 
Palamedca) are illustrated in 
the accompanying figure. 

Ij c iu( to r Coccud is . — ^T h i s 
arises on each side from ilium, 
from lateral faces of spinous 
processes, and from trans- 
verse processes of caudal 
vertebrae It is inserted on 
to membrane covering rec* 
trices. 

II i o-coccij(] fits , — On each 
side there are two parts of 
this muscle, both entirely 
fleshy. They arise from the Fio. r>o. CAnuL Muscles of Paia- 
ilium and the ilio-sacral liga- Mitchell). 

ment, and are inserted on to outer rectrix. 

Pubo-coccygeus Extenius . — This is the most posterior of 
the muscles of the tail. It arises from the pubis and is 
inserted on to external rectrix. 

Pubo-coccygeus Internus . — Arises in front of and below 
the last-mentioned. The origin extends also on to the 
ischium. The muscle is inserted on to last one or two caudal 
vertebra?. 
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Depressor Coccygis . — This springs from the transverse 
process of the last sacral vertebra, and from the adjacent 
surface of the ilio-sacral ligament. It is inserted on to the 
transverse processes of the last three or four caudal vertebra'. 


Abdominal Muscles 

Ohliquus Abdominis Externus, — The muscle arises from 
the ribs and from their uncinate processes. It ends by an 
aponeurosis upon the pubis. 

Obliquus Abdominis Internus. — Lies between the last 
muscle and the next. It passes from the pubis, extending 
on to ilium to the last true rib. A separate slip of this is 
described as the quadratus lumborum, running from the last 
false rib to the crest of the ilium. 

Transversus Abdominis. — This is the deepest of the ab- 
dominal muscles. It springs from the pubis and preace- 
tabular ilium, and its aponeurosis ends in that of its fellow 
in the linea alba. 

Bectus J i /I Springs from last sternal rib and 
from sternum, and is attached to pubis. 

Transverso-analis. — This passes across the abdomen in 
front of the cloaca! aperture, and meets its fellow. It arises 
either from the pelvis or from the transverse processes of 
certain caudal vertebrae. 

< 

Hyoidean Muscles 

Our knowledge of the iuubcIcb of the li yoidean apparatus 
and the neighbourhood is chiefly due to (Jikbel,' Gadow.* 
and Mitchell,.* I mainly follow the latter in his account 
of these muscles in Opisthocomus and in Palaniedea. 

^ * Die Zunge der Vogel,’ iStc., Zcitschr. f.d.ges. Katnrwiss. xi. 1858, p. !!♦. 

* Broxn’m Thierreich^ ‘ Aves.’ 

* * A Contribution to the Anatomy of the Hoatzin {Opisthocomm crutatm)' 
P. Z. S. 1816, p. 618 ; BKonijm and Mitcbkix, * On the Anatomy of Palmnedea 
comtUa' P. Z. S. 1894, p. 636. Bee also G. L. Duveknoy, ‘M6moire «ur 
quelqueg Partioularit^g den Organea de la D^lntition de la Claase dea Oiaeaux,’ 
Ac,, M4m, Soc. HuU Nat, Strasbourg^ ii, 1836 ; J. Kaczandkr, * Beitriige zur 
Entwicklangsgesehiohte der Kaumuakulatur,’ Mth, Embr. Imt. Wien^ 1883. 
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The mylohyoid anterior is a sheet of muscles passing 
across between the rami of the mandible anteriorly. 

The mylohyoid posterior is composed of two layers, a 
deeper and a more superficial ; the latter is a broad sheet of 
muscle nearly reaching the mylohyoid anterior in front and 



Fk*. (U. — Hyoii^kan Muscles or Opisthocomus (after Mitchell). 

1. 2, geulohyoM ; 8, 4, 5 , myloliyold ; 6, eeratogloasua ; T, ceratohyoid ; H, depressor 
niftiidibulie ; O/, mandibular gland. 


covering the space between the rami of the mandible in the 
region where it is developed ; the deeper layer arises in 
common with the superficial layer from the rami ; it is a 
narrower muscle and runs forward. 
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The geniohyoid Ir in two distinct portions ; the posterior 
division arises on each side from a ramus of the mandible ; 
it passes backwards and is wrapped round the ceratoliyoid 
to its tip. The anterior portion also arises from the rami of 
the jaw ; it is inserted upon the ceratohyal partly under and 
partly distally to the insertion of the posterior division. 
This muscle is sometimes a single muscle, as, for exam])le, 
in Palamedea. 

The geniog/ossus (entirely absent in Palamedea, &c.) is a 
slight muscle, springs from the middle line near the chin, 
and passes to the os entoglossum. 

The ceratoglossus is a strong muscle, arises from the outer 
side of the ceratohyal ; it ends in a tendon which is inserted 
along the side of the tongue almost to the tip. The muscle 
in Palamedea^ &c., is divided into two parts. 

The ceratoliyoid arises from the inner side of the cerato- 
hyal and is inserted on to the urohyal. 

The sternohyoid (in Palamedea) is a band of muscle which 
arises from the basihyal and entoglossus ; it spreads out 
over the thyroid cartilage and trachea. 

The hypoglossals are in Palamedea indistinguishable from 
the ceratoglossus. 


Muscles of the Head 

The temporalis (in Palamedea) is divided into ^vo 
portions: the superficial part arises from the whole temporal 
fossa and from the external and internal surfaces of the 
midternporal process ; it runs to the outer upper surface of 
the lower jaw ; the deeper part is a pyramidal muscle ending 
in a stout tendon attached to the lower jaw ; in addition to 
this another portion, deeper still, runs across from the forward 
process of the quadrate to the imier side of the ramus, and 
a wide band of muscle bridges the interval between the inner 
edges of the forward process of the quadrate and the wall of 
the orbit behind the optic foramen. 

The pterygoid is divided into several layers which con- 
nect the lower jaw with the palatines and pterygoids. 
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The depressor mandihida consists of two parts which 
have been termed digastric and biventer. It connects the 
under surface of the occiput with the lower jaw. 

Osteology ^ 

Vertebral Column. — Highly characteristic of birds is the 
saddle-shaped C heteroc{JC‘lous ’) form of the vertebral centra. 
The existence of this mode of articulation, though confined 
to birds, is not found everywhere and in all of the existing 
members of the order, and is not found at all in some of the 
extinct forms, Archcopteryx and Ichthyoniis. As to exist- 
ing birds, the opisthocoelous form is frequently met with, but 
so irregularly as not to be of much use from a classificatory 
point of view. The existence of such vertebrae, pointing 
towards reptiles, may, however, be accepted as some indica- 
tion of an archaic position in the order. The matter has 
been lately summed up by the late Professor Parker,^ from 
his own investigations, and from those of others. 

The dorsal vertebne have been found to be opisthocoelous 
in penguins and auks, in Limicolce (including Laridae), but 
not in petrels ; among the parrots Parker met with this 
condition in several forms, where it was found to be com- 
bined with tenninal epiphyses, a character which is just 
commencing in the lowest mammalia (Ornithorhyncluis) and 


' The following are a few works which deal with the general osteology of a 
number of forms. More special treatises will be referred to in their proper place : — 
E, Bi.anchaiu), • Ilecherches sur les Caract^res Ost^ologiques des Oiseaux,' 
Ac., Ann, Sci . Nat. xi. 1800, p. 11; J. F. Brandt, * Beitrage zur Kenntniss der 
Naturgeschichte d. Vdgel,’ Ac., Menu Accul. iSci. St. Petersb. (61, iii. 1840 ; 
Eyton, Osteologia Aviuniy London, 1858-81 ; A. B. Meyer, Ahhildwigen 
mn Vagelskelcieny Dresden, 1879-96 ; Milne Edwards and Grandidier, Eist. 
Nat.y dc.y lU Madagascary ‘ Oiseaux,’ Paris, 1879-85 ; C. L. Nitzsch, Osteogra- 
phmfifi BeitrdgCy Ac., I^eipsic, 1811 ; P. Gkrvais, ‘Description Ost^ologique de 
THoazin, du Kamichi,’ Ac., Zool. tn Voy. de CastclnaUy Paris, 1856. Besides 
FihiUitiiNoKR, Untersiichungm zur Marpltologie v . Syst. d. Vilely and Gadow, 
‘ Ave«,’ in Bronn’^a Klassen v . Ordnungen des ThierreicJis, for brief and largely 
oateologioal definiliona of birds see Skebohm, Classijic(ttioft of Birdsy London, 
1889, and Sharpe, OaUological Catalogue of College of Surgeons Mummy 
London, 1891. 

» * On the Vertebral Chain of Birds,’ Proc. Boy. ^for^xliii. 1888, p. 465. 
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entirely exceptional among birds. SteatomLs is another bird 
with opisthocoelous vertebrie. So too are the cormorants and 
darters. Another fonn of vertebral articulation met with 
in reptiles — namely, the procoelous articulation— also exists 
in birds. In all birds, of course, the atlas is procadous, 
articulating with the convex occipital condyle. In many 
birds ‘ the last two movable joints in the caudal series 
become procoelous.' 

The biconcave form of vertebrae characterises the extinct 
Arch(jcopteryx,^ and the gull-like Ichthyornis, called by its 
name on this very account. The concavities, however, 
according to Fi rbiunger, seem rather to have been produced 
by the maceration out of a plug of cartilage than to have 
characterised the unaltered vertebra. It is doubtful, in fact, 
whether the spaces left in the fossil vertebne were filled 
during life with copious remains of the notochord, as in 
fishes. 

The vertebral column of birds can be distinguished into 
four series, as in the higher vertebrates generally. It is 
customary to regard as cervical those vertebra^ which either 
have no movable ribs or, if they have, do not become con- 
nected through their intennediaiy^ with the sternum. The 
rib-bearing vertebrae are the dorsal series, while those which 
articulate wnth the pelvis are usually termed sacral. But 
it seems better to reserve the term sacral ’ for the two 
vertebrae which, in the chick, bear the ilium. 

The number of true sacrals is not, how ever, always two. 
J. J. Parker® describes in the young Apteryx three vertebrae, 
which abut upon the ilium, and are the only ones in which 
there are separate rib-like ossifications at the ends of the 
transverse processes. These vertebrae, which are quite con- 
spicuous in the adult (fig. 62), are regarded as the true 
sacrals. There are also three in the ostrich (fig, 63), In 
other birds (e.g. Lams, Chionis) there is apparently only 
one sacral vertebra. 

Behind the sacrum are the caudal vertebr®. Arefuxo^ 
pteryx is unique among birds for its long tail, composed of 
* Not certamly. * * Development of Apteryx,^ Phil. Tran$. 1891 . 
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separate vertebrae. In all other birds the tail is short and does 
not extend far beyond the sacrum. In the majority of carinate 
birds the terminal vertebrae are fused together into the highly 
characteristic ploughshare bone (urostyle or pygostyle).’ 



Pio. 6‘i, -Pfxvib of Aptbhyx. From Bk.vkath. (After Mivart.) 

</, Ilium ; /», pnbU : iHclUnm : ip, pre pubic process. 


There is, however, a closer correspondence between 
the tail of Archceopteryx and that of the carinate bird 



Fi«. 68 .— Lumbar ani> Sacral Vertebra; of an Immature Ostrich 
(after Mfv'art). - 

8, 9, 10, BHonU vertebrw ; /». pampophyses ; rf, dlapophyse*. 


than might be assumed from the last-mentioned differ- 
ences. The first four caudal vertebrae of Archaopteryx hBjfe 
strong transverse processes, which are weaker, but present, 
on the fifth, which thus affords a transition to the remaining 
sixteen, upon which there are no such processes. In the 

* W. MAasRALL, * Untersuohungen ixber den Vogelechwan*/ Ned, Arch,/, 
1 1878, p. 194. 
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same way the free caudals of carinate birds have transverse 
processes, which are at most faintly represented upon the 



fused posterior set of caudals which form the pygostyle. 
Four of the posterior caudals of Archeeopteryx have fine 
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splints of bone lying on one side, which have been compared 
to the ossifications in tendons found among the ptero- 
dactyles. They may conceivably be misplaced chevron 
hones. 

The pygostyle varies much in the degree of its develop- 
ment. It is weakest in various aquatic birds, such as the 
auks and grebes, where it is thin and narrow ; in more 
purely flying birds it is very thick at the base, and is turned 
upwards instead of, as in the auks, carrying on the line of 
the tail. In the grebe there is really no more definite a 
ploughsliare bone than in the ostrich. The number of 
vertebra' which are fused together to form the urostyle 
varies. In the ostrich Marshall finds four, five in the 
grebe and hornhill, six in the duck and in Euryhcmus. 

The total number of vertebnn * in the column varies 
greatly; the extremes are something like thirty-nine and sixty- 
four (reckoning the urostyle as one). The greatest number 
characterises the ratites, and the smallest some of the higher 
arboreal birds. Archaoptenjx had only allout fifty vertebne. 
While, therefore, it may be generally true to put down as 
older types those with the largest number of vertebne, it is 
evident that on this view Arch(eoptenjx must be regarded as 
a parallel branch to the existing birds, and not as their 
ancestor. The iuunl>er of vertebne, though it may perhaps 
he (Rjiisidered from tliis general point of view, is not of the 
faintjest use for the systematic arrangement of existing forms. 
Tlu^ number varies so extremely that among the Gruidee 
Professor Parker found no two alike. Kather more fixed, 
but still subject to variation among the species of a genus, 
are the cervical vertebne ; and some account will be taken 
in the pages which follow of this fixedness. The results 
must, however, be tempered by the reflection that while the 
common swan has twenty-five the black-necked swan has 
twenty-four. 

Between the successive centra are the ‘ intervertebral 

‘ GuEBKii (♦ Die Wirbelzahlen am Vc^elskelet,’ ZcUschr, /. d, ges, Nat, xviii. 
1B6C, p. 20) gives a long list ; see also * Der letzte Sohwanzwii bel des 
VogelskeleteB,* ibid, vi. 1866. 
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discs,’ the * interceiitra ’ or ‘ basiventral ’ elements. These 
are, as has been shown,* originally the portions of each 
vertebra with w'hich the ribs articulate, from which they 
are outgrowths. But as the ribs come to articulate with the 
centra these structures degenerate. In the development of 
Apteryx T. J. Parkeu found a postoccipital and a post- 
atlantal intercentrum, and two in the caudal region, which 
ossify so as to retain their independence in the adult 
skeleton. 

Intercentra in the caudal region of the bird’s vertebral 
column are by no means so rare as might be inferred from 

some published statements upon 
the matter. They are especially 
conspicuous among the Limi- 
colm and the nearly allied auks, 
and in most water birds. In 
M A jmmj NutmniuH fernoralis, for exam- 
jgjjB pie, there are three small osseous 
nodules lying between caudal 
vertebra' 1-5. Behind these 
are a series of hypapophyses, 
which are a continuation of 
the same series, but much more 
pronounced and ankylosed to the vertehne. 

They exist also in the duck tribe. In Bizinra lobata 
there are three distinct intercentra in the form of latgish 
nodules. I have found intercentra also in PalamedesB, Tubi- 
nares, Steganopodes, Colymbi, Herodiones, Opisthoconius, 

These free intercentra are rare among the Pico-passeres, 
but in a few of them are present. Thus in Tcccus there is 
a distinct intercentrum lying between the last free caudal 
vertebra?. 

The hawk tribe have not these bonelets as distinct struc- 
tures. 

In the cuckoos, parrots, Balli, (Hides, Colambsa, and the 



Fio. 65 .— Last Two VEnTEiin,^. of 
Struthio (after Mivaht). 

neural spines ; ri, osse»us 


* This matter of the composition of the vertebra has been recently gone into 
by Oadow (on the * Evolution of the Vertebral Ck>lamn of Amphibia and Amniota,' 
Phil, Tram, 1B96, p. 1), who quotes previous literature. 
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tinamouB I have not seen in the adult skeleton any free 
intercentra ; nor in the Orties, excepting Chunga, 

Further details on this matter will be found in the paper 
cited below.* 

Though free intercentra are by no means universal 
among recent birds, hypophyses of the last caudals are 
almost so. That these latter are derived from intercentra, 
and are, therefore, not comparable to the hypapophyses of the 
cervicals and dorsals, is clear from such cases where the gra- 
dual transition between free intercentra and fixed hypapophy- 
ses is shown. In reptiles the intercentra are in the tail region 
cxmstantly in the form of chevron bones, which are V-shaped, 
articulating with the vertebral column by the free ends of 
the V. This form of the hypophyses of the caudal region is 
not so common as a simply bifid condition, but does oc- 
casionally occur. I have seen it, for example, in Tabinares, 
Aocipitres, and Cuculi. 

The first vertebra of the cervical series is called the 
atlas (see fig. Ofi) ; it is a ring on bon(‘, of which the greater 
part of the * centrum ’ is formed by the projecting odontoid 
process (see fig. ()7), the rest being formed by a pair of 
intercentra. In the hornbills the atlas is fused wdth the 
following axis vertebra.*^ Generally the atlas has not what 
the succeeding vertebrae have, a vertebrarterial canal, but 
this is sometimes present (see under *Kibs,’ p. IIU). The 
odontoid process sometimes notches the lower part of the 
atlas, and sometimes perforates it. These two conditions 
are illustrated by figs. G(i and (>8. It sometimes happens that 
the neural arch of the atlas is incomplete, e.g. Chumja, 
ColiuSy Patidion. As a rule it is perfect. 

In the cervical vertebraB the chief facts which appear to 
be of systematic importance are flie relations to each other 
of the paired processes, to which Mivart has applied the 
name of catapophyses. These are sometimes inconspicu- 
ous processes of the transverse processes on the under 
side. Very often the last one or two pairs of them closely 

* Not© upon Intercentra,’ <&c., P, Z, S, 1897, p. 4fi5. 

* In a apccinien of Chunga I have found the same, fusion. 
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approach each other in the middle line, as in Psophia. 
Sometimes a number of these processes unite to form a 
canal ; this occurs in the Steganopodea, and most Herodiones 
(but not in Scopus umbretta) ; but the classificatory Bij:ifnifi- 
cance of the fact is marred by the occurrence of a similar 
canal similarly formed in some Picidte, and in the case of 
one vertebra in the parrot, Eclectus polychlorus. 

It is sometimes the case that the last of the catapophysos 
is consolidated into a thick process, which is bifid at the 
extremity ; this process forms a transition to the following 
hjemapophyses (or hypapophyses). These latter are im- 



ac 


Fio. 66. — Atlah of 
Emu (ajteh 
MrVART). 

nf. articular mirfaee ; 
p, Tertcbrartciial 
canal ; Aip, liyi)er- 


Fio. 67. — Axih of Emu (aftkh 
Mivakt). 

o, odontoiil pnx’tw : «ji, neural t»pinc ; 
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paired median processes, which commence upon the cervical 
vertebra;, and extend for a variable distance back alon^ the 
dorsal vertebrae. They are very feeble, and sometimes 
limited to the cervical region, in the Herodiones. They are 
most highly developed in Sphenisoi, Colymbi, Aloae, and some 
Anemree, being in these cases continued to the end of the 
dorsal series, and even being found upon some of the lumbar 
vertebrae. In many cases these processes are flattened out 
at the free end like an inverted T, or are trifid at the same 
place. This is seen to be due to the gradual shifting in 
position of a posterior set of catapophyses, which at first are 
at the sides of, and far from, the hesmapophyses, but get 
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nearer and nearer, until at length they mount upon the 
hflBmapophysis itself and pass to its very end. Details of the 
formation of the vertebra? will be found in the systematic 
part of this book.' 

— The ribs of birds vary greatly in number. There 
are as a rule three series of ribs to be distinguished. The 
last cervical vertebra?, more or fewer of them, are furnished 
vyith short ribs which do not reach the sternum. Behind 
these are, again, a variable number of true ribs, which do 
reach and articulate with the sternum. These true ribs 
consist of the vertebral portion, which articulates with the 
vertebra, and of a sternal portion, which is articulated with 
the vertebral half of the rib above and with the sternum 
below; it is bent at an angle with the vertebral portion. 
Attached to, originally separate from, and sometimes per- 
manently separate from, the vertebral half of the rib is the 
uncinate process, of which there are a variable number. 
These processes are absent^ in Archaopteryx and in the 
PalamedesB only. Behind the true ribs, which articulate 
with the sternum, are a variable number, in all degrees of 

' The relationship of the so-called catapoph^ses to the unpaired hteinapo* 
phyaes varies, and suggests what has been advanced on other grounds -an 
occasional excalation of vertebra*. Without wishing to commit myself to a 
belief in the actual dropping out of a vertebra from the middle of the series, I 
may mention some of the facts which may be regarded as pointing in this 
direction. In the grebe A^chmophorus the catapophyses form on certain 
vertebrae a complete ventral canal for the carotids. The summit of the arch 
thus formed gradually acquires a median dorsal process. This increases, and 
the catapophyses finally end in the obliteration of the canal which they sur 
round, and a solid arch is formed; the hypapophysis of the succeeding vertebra 
is aingle and no longer retains traces of its evolution from a ring of bone sur- 
mounted by a process. In other cases the catapophyses suddenly end and the 
hypapophyiies begin without such intermediate stages. An intermediate stage 
is seen in certain types where the catapophyses end suddenly, but the first 
hypapophysis is double, either formed of two clearly fused pieces or with merely 
a bifid spine. These latter cases suggest the dropping out of one or more 
vertebne, effecting the transition betw^een the paired catapophyses and the un- 
paired hypapophyaes. 

* In all birds except Arclupopteryx the ribs are two-headed with a oapitulum 
and tuberoulum. 

• They have been often said to be absent in Dinomis, but they are not. 

W. BKHRKKa, UnUrmchungm Uber dm Processus uncinatus der Viigel und 
CrocodUct Inaug. Dies., Gdttingen, I8B0. 
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degeneration, of floating lumbar ribs. Morphologically 
equivalent with ribs are the processes firmly ankylosed to 
the cervical vertebrae, which form a canal for the vertebral 
artery ; these are, as a rule, absent from the atlas, but are 
present on that vertebra in the Anteres, OpisthocomuHy^ 
Triponax Feddeni^ Drom^us'^ (fig. (50). Arclucopteryx is 
alone in possessing the abdominal ribs of the crocodiles and 
other reptiles. 

The Shoulder Girdle.^ — The shoulder girdle of birds consists 
of at any rate three separate elements — the ftcapula above ; 
the coraxoid, articulating with the sternum ; and the clavicles, 
generally united into a XT-shaped piece. Of these the first 
two are preformed in cartilage, the last in membrane. 

The scapula is a thinnish sword-shaped bone which 
is attached by muscles to the ribs and to the vertebra^ 
and lies in a direction, as a rule, nearly parallel to the 
long axis of the body. The scapula does not show great 
variability of form among birds ; the most considerable 
variation is to be seen in the penguins, where the bone is, 
comparatively speaking, of enormous width. A free su))ra- 
scapula has been noted by Pakkek in Opisthocomus. The 
coracoids articulate on the one hand with the scapula, and 
on the other with the sternum, where they are received into 
grooves on its anterior margin. There are some variations 
in the way in which these grooves are arranged : in some 
birds the two coracoids at their insertion are not in coiftact 
at all ; in others they are in contact ; and finally they may 
overlap, as in reptiles. 

The coracoid has in many birds a procoracoid process, 
which is believed to be the equivalent of the procoraxoid of 
reptiles. This is especially prominent in the ostrich, but is 
present in a large number of other birds, though more 
reduced in extent. But its large or small size is so capricious 

Stated by Parker to be absent. 

Mitabt figurea a canal on one side of the atlas of the ostrich. 

A. Sabatieb, Comparaison des Ceiniures et des Membres AnUrietirs et 
dans la Serie des VerUbres, Montpellier, 1880 ; Pabkeii, quoted 
below. See also Lihu>EB in J. /. 0. 1871, p. 821. 
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in its relations to other structural similarities and dissimilari- 
ties that the fact is not of great use in classification. 

The same remark may be made about the foramen cora- 
coideum perhaps, which, again, is found in many birds and 
absent from others. As to the morphological significance of 
this foramen, which transmits a nerve twig to the pectoralis 
secundus, it may perhaps be regarded as the boundary 
between the coracoid and the procoracoid. 

In the course of the development of the common fowl, 
according to Miss Lindsay, whose figures are here reproduced, 
there is a very considerable trace of the procoracoid. The 
three elements of the shoulder girdle are perfectly distinct 
from each other in the young embr}'o, but become fused (the 
scapula and the coracoid), again to get separate in the older 
chick. This temporary fusion may be significant of the 
struthionic condition to l>e described later. The intermediate 
piece is, it will be noticed, triangular in form, the elongated 
aspect of the adult coracoid being acquired later. Miss 
Lindsay is of opinion that this change of form is to be cor- 
related with the disappearance of the anterior section of the 
lx)ne, as indicated in the accompanying diagram, the disap- 
pearing (shaded) part being the equivalent of the procora- 
coid. 

The interrelationship of the scapula to the coracoid offers 
facts of some importance. In the ostrich tribe the two bones 
are*firmly ankylosed ; this is not the case with the young, 
but it is plainly the case wdth the adult. In carinate birds, 
on the other hand, there is not ankylosis, but a close union 
by means of fibro-cartilage. It appears, however, that in 
Didufi (exceptionally V) there is an acttial synostosis, which of 
course Dears out the suggestion that the synostosis of the 
ratite birds has something to do with their loss of the pow er 
of flight. In the ratite birds and in Hesperornis the scapula 
and the coracoid are nearly in the same straight line, the 
angle in Apteryx varying from 150^ to 122°, whereas in the 
carinates the two bones are at right angles or at an even 
acute angle. That this is not a morphological distinction, 
but is distinctly related to the development of the shoulder 
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muscles, has been clearly pointed out by T. J. Parker.* He 
discovered an approximation to the struthious condition in 
several of the flightless rails and other birds. But the state 
of affairs which characterises the Tubinares warns us against 
placing too much reliance upon this apparently sound gene- 
ralisation ; for in them we are informed by Forbes that 
‘ the angle it ’ (the scapula) ‘ forms with the coracoid varies 
much in different genera, being most acute in Pelecanoides, 
whilst in the Oceanitida^ it is hardly if at all less than a right 


cor 

i 




/ J 

sc 



cor 




Fio. G9. — Deveia)pmknt of 8uouli>ek Giudlk of Chick (aftkk Lini>hay). 

f/, clavicle ; pc, prfxjoracoIU ; <v/r, corac<»W ; *c, ucapula. 1 fifth <liiy ; i, sixth «lay ; 

S, late Oil Hixth da> . 


angle.’ The widest angle in a carinate bird is 100°, so there 
is a difference of only 16° between extremes of carinates Knd 
ratites. 

The two clavicles * sometimes spoken of collectively as 
the furcula vary much in their degree of development. They 
are totally absent in the Apteryx. In the emu and in certain 
parrots they are distinct and smallish bones which do not 
come into contact with each other ; but in the majority of 
birds they form a single XT- or V-shaped bone. 

The furcula varies in the expansion or non-expansion of 
the base to form a circular hypocleidium. In some birds the 


‘ * On Notomis* in Tr, N, Zealand Imt. xiv..l8B2. 

* A. Wkiteel, ‘ Die Fnrcnla : ein Beitrag Ear Osteologie der Vdgel,* Zeilecltr, 
f. d. ges. Naiurw. xxv. 1885, p. 817. 
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furcula is connected with a ligament (e.g. Psophia) by articu- 
lation {e.g, Herodiones) or by direct synostosis with the carina 
sterni. In the gallinaceous birds the furcula does not come 
into near relations with the carina, and in Opisthocoinufi— 
quite exceptionally — the bone is ankylosed with the spina 
sterni on the one hand, and with the coracoids, so firmly 
that ‘ no trace of the primitive distinctness of the bones is 
discernible.’ There are also considerable variations in the 
degree of the connection between the furcula and the coracoid 
and scapula. 

In a few birds the ends of the clavicles where they arti- 
culate, or at least are connected, with the coracoid and scapula 
have a process, the acrocoracoid process of the clavicle. This 
is seen, for instance, in the Anseres, and the rudiment of such 
a process in the flamingo appears at first sight to be a duck- 
like character in that bird. But the same process is also 
developed, and to a great extent, in the Alcedinida*, a fact 
which must be borne in mind before coming to any such 
conclusions, 

FrRHHiNc^KH has devoted some space to describing and 
illustrating the relations at their articulations between the 
clavicle, coracoid, and acrocoracoid. The tw o extremes may 
be seen in Phalacrocorax and Psophia ; in the former the 
clavicle articulates with the acrocoracoid only, and does not 
reach the scapula ; in the latter, where the procoracoid is 
w^elf developed, the clavicle comes into contact with all 
three.’ Further details will be found under the description 
of the different groups. 

The Fore Limb. — The fore limb is present in all birds except 
most Dinornithidfie, where up to the present no trace of one 
has been discovered. In Hesperornis only the humerus 
appears to exist ; in Apteryx, Drornmis, and Casuarius there 
is but one finger. With these exceptions the wing of birds 
consists of a humerus, radius and ulna, carpus, metacarpals, 
and three fingers (with sometimes a rudiment of a fourth) ; 
even Archceopteryx has not been definitely shown to possess 

‘ A. Tbchan, Recherches sur VExtr^iU Antirieure des Oismux et des 
Ji&ptiles, l>i8«. Inaug., Geneva, 1889. 
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more than the typical three fingers (see, however, below). 
The relative length of the arm varies much in birds ; it is 
longest in the flying gulls, terns, &c., whence the name 
applied to the former of Longipennes. In the struthious 
birds it is the shortest, and in many running birds the wing 
is reduced in length. There is too variation in the relative 
lengths of the humerus, fore arm, and hand. In the divers, 
for instance, the upper section of the arm is the longest, in the 
gulls the fore arm, and in the penguins the hand. The 
length of the hand in the Maorochires is so great that it 
equals that of the humerus and fore arm together. The 
exact reverse is seen in the ratites, where the length of the 
humerus is greater than that of the rest of the wing. I^VJ‘> 
CKAFT has brought out the interesting fact that during tlu‘ 
growth of Opisthoconuis the proportions of the different sec- 
tions of the wing alter. 

A study of the relative lengths of the different parts of 
the arm show’s that a reduction of the w ing, and aconHe({uent 
decay of its powers as an organ of flight, do not invariably 
follow the same path. In the ostrich the middle segment is 
the shortest, in the cassowary the hand. 

The length of the humerus, the exact form and degree of 
development of the deltoid ridge, and of the tubercles for 
the insertion of muscles, furnish systematists with reliable 
points for the identification of genera and species. So much 
of our knowdedge of extinct birds depends upon fragmenfs ol 
this and others of the ‘ long ’ bones that the value of slight 
characters of this description has been thoroughly appraised. 
A glance, for instance, at Lydekker’s recently published 
‘ Catalogue of the Fossil Birds in the British Museum’ will 
reveal the importance of the power of discriminating species 
by such slight indications, which furnish the student of 
affinities between families or genera with nothing tangible. 

The radius and the ulna are always separate bones, of 
which the ulna is the longer ; it is frequently marked on its 
outer surface with tubercles, to which the quill feathers 
are attached. The most striking modification of the radius 
is seen in the Parridae (fig. 70, p. 125), where it 4s prolonged 
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on the outer side into a strong flat process, the upper surface 
of which is slightly grooved for the reception of the tendon 
of the extensor metacarpi radialis muscle. 

The carpus of recent birds consists only of two separate 
bones. But in the embryo there are six separate cartilages. 
The two bones which persist are looked upon by Zehxtner 
as ulnare 4- intermedium and radiale -f centrale. The three 
distal carpals, according to Pahkeh, fuse with their three 
metacarpals. In the emu, according to Parker, there are 
no carpal elements either in the young or adult, in Casuariiis 
galeatus there is a small ulnare. 

Though no bird has more than three more or less com- 



Fiii. 70, — Raihuh and T'lxa of MeUtpidius {\.ftei{ FoiinKs). 


pleto digitK, there is coiiiuionly a trace of a fourth meta- 
carpal, found by Zehntnek in the development of the swift, 
and by Stidku in the development of the penguin. Parker 
was convinced of the existence of a prepollex and of inter- 
calary digits, but WiEDEHSHEiM looks with no favour upon 
this broadening of the hand. 

The metacarpals are free only in Arclucopteryx and 
Gastornis ; in all other birds they are partially fused. The 
formula for the phalanges in ArclKcopteryx is I. 2, II. 3, 
III. 4. In some other birds it is I. 1, II. 2, III. 1, with the 
exception of the ostrich,' Ninnenins, and the embryo duck,* 
where digit III. has a small additional phalanx. In other 
birds the formula is I. 2, II. 3, III. 1, and in the apteryx 
digit II. shows three phalanges in the course of its develop- 

* Pabksr, * On the Structure and Development of the Wing in the CommonL 
Fowl,* Phil, Trans, 1888, p. 886, where previous literature is quoted. 

• Bxvn, Sei^nee, vol. v. p. 856. 
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ment, of which one (apparently tlie middle one) is not 
recognisable in the adult. 

Leighton has contributed to this question with a study 
of the development of the w'ing of Ster?m,^ He finds here 
too a rudimentary fourth digit, which in the first stage, 
which he figures, is as long or nearly as long as the first 
digit. A rudimentary jnetacarpal even persists attached t<^ 
the side of the last metacarpal in birds just before hatching. 
In the carpus there are never more than four distinct 
cartilages ; there are in the first place a radiale and ulnare, 



u 

FlO. 71. -DigITH of OgTIllCH (aftkii VVkay). 


1, phalanx 1 (/V#l ) and rudiuientary plialaut 2 ( Pft2} of di^rir III,; r, (tMiiicctive tiK^ue. 

2, another Hpeolmen with phalaiiKe^ uiik yloa^ed . Jl, di-tal jwrt of iliffit Ilf. of 
embrA’onic manuit (4 ). 

and distally two cartilages, of which one appears to represent 
the combined distalia of the two first digits, and the second 
that of the third digit. In birds, just before hatching, all 
the distalia have fused into one mass. The cartilages 
lettered respectively radiale and ulnare in the figures are 
thought, however, by the author to be really radiale -f- 
intermedium and ulnare + centrale ; and in support of this 
view is the partial separation between the two supposed 
elements of each, which is, however, never carried ver)' 
far. 

As to the homologies of the digits in the adult with those 

’ ‘ The Development of the Wing of Sterna WiUonii' TufU ColL SiudicBf 
Previone literature ie here quoted. 



OSTEOLOGY 


127 


of the reptilian hand, Leighton leans to the view that 
the supposed pollex is really the index. In putting forward 
this opinion he rests first of all upon the fact that the radial 
artery is absent, thus indicating a reduction of the radial 
side of the hand ; the second argument is derived from the 
fact that in animals with a reduced manus the first digit 
is the first to go, and then is followed by the last ; thus in 
Orohippus there are four digits, the first having disappeared, 
while in Protohippus the fifth has vanished. In addition 
this view^ is moreover strengthened by a consideration of the 
most reduced manus that occurs in birds ; in Apteryx and 
Casuariiis the reduction has similarly occurred on both sides 
of the large persisting digit, which is thus to be regarded as 
No. III. 

Sternum. — The sternum in its most complicated condition 
consists of the following regions (see fig. 72) : Anteriorly 
it ends in a moderately narrow^ extremity which is known 
as the manubrium sterni or rostrum. On either side of this 
is a forw'ardly directed process, the costal processes oi 
(interior lateral processes. In the middle of the sternum, 
and forming the great projecting keel, is the lophosteon or 
Carina sterni, or heel. The sternum ends in a median 
process behind (sometimes, but wrongly, called the xiphoid 
process), to which are appended tw^o processes on each side, 
which may be termed middle and external xiphoid processes, 
or tjiese may be termed, for reasons which wdll appear later, 
the posterior lateral process and the accessory process. The 
nomenclature first used in the preceding brief descriptions 
is that of Hr.XLEY ; the second set of terms which will be 
used throughout in the descriptions which follow* are those 
used by Miss Lindsay in her paper upon the development 
of the avian sternum.* 

The sternum is subject to much modification among 
birds, of which the principal varieties will be now^ described. 
The birds which show perhaps the greatest difference from 
the gallinaceous type, selected for the above description, are 
the ratite birds. In them there is no keel developed, hence 
» * On the Avian Stemoxa,' P, Z, S, 1886, p. 684. 
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stfughten the posterior margin of the stemom, while' 
that of the {^bdonlineds would be to pull it out, perhaps 
irregularly. Hopping and walking bi^ mig^t therefore 
be expected to have a more notched stmmm than purely 
flying birds ; that there is some relation of this kind seems 
possible when we contrast the sternum of the running 
gallinaceous bird with that of the essentially aerial eagle. 
Moreover, since the pull of the abdominal muscles is in two 
directions, one antero>posterior (recti), the other oblique (the 
obliqui), we might expect to find what we actually do find, a 
direction of the xiphoid processes which corresponds with 
the resultant of these two forces, as is indicated in the 
annexed diagram. There are a few other modifications in 
the shape of the stemom which have been made use of for 
systematic purposes, besides the keel and the notches, or 
fKcavations of the posterior border. The rostrum of the 
bone is sometimes very pronounced, and sometimes practi* 
cally absent altogether. According to its position, more 
dorsally or more ventrally, the process has been called by 
FfiBBRiMOEB spina externa, or spina interna stemi. In 
the gallinaceous birds the two are combined in a vertically 
compressed plate of bone which arises both from the lower 
and from the upper side of the sternum. In the passerines 
and in the todies, and a few of the allies of these groups of 
birds, the anterior process of the sternum is more or less 
distinetly tfifurcate. 

The sternum of birds arises, as does that of other verte- 
brates, in the first place between the ends of the ribs which 
fuse together. Birds invariably have a few * floating* ribs 
at both ends of the sternum which ate no longer ommeeted 
with it, this connection being often lost ontogenetioaUy. 
Ihtve in laet, ontally a dmrtening of the sternum during 
dwrdafmeot. The lusel arises from the ccmimned edges of 
tibe two sets Of hwed ribs ; it is not prelonned separately as 
a mediaii fMoa. ^^Ttna seems to settle in ihenegatiTe an 
eai^ view 00 flbe oariba atenii was a n r ri v h tg ziffeB* 
sentativa d of the wptili% 

cwwinriiflel flria oae 
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and appeared to be strengthened by the occasional connec- 
tion by ligament uid bone with the hypocleidiom. 

The most recent modification of this view is put forward 
by Pabkeb, who has shown in OpUthocomus a needle-shaped 
splint of bone lying upon the keel, and therefore independent 
of it. 

The development of the stemnm throws a light upon the 
homologies of its different parts in different birds, and in 
other vertebrates. 

It is plain in the first place that the spina externa and 
the spina interna have nothing whatever to do with the 
manubrimu stemi of the mammal ; for they are (in the bird) 
secondary outgrowths, and not, as in the mammal, part of the 
primitive stemnm formed by concrescence of the ribs. The 
same holds good of the posterior median region of the bone, 
which is a secondary outgrowth, and can therefore have no 
relations with the xiphoid process of the mammalian ster- 
num ; what does correspond to the latter are the posterior 
lateral processes of the avian sternum.' 

Pelvis.* — The pelvis consists of three pairs of bones, the 
ilium, ischium, and pubis. In the young embryo these 
bones form a continuous sheet of cartilage, but are all 
separate distally ; the ilium is directed in an antero-posterior 

* The Utecftiore of the sternom ie large, and is to a eonsiderable extent to be 
found under the several gronpe. Memoirs of a wider scope are W. K. Pabxbb,. 

* A. Mcmograph on the Stmotoie and Development of the Shoulder Girdle and 
Stemmn in the Vertebrata,* Bay Soc. Publications, 1868; L'HsunNiBB, 
^Beeherehes sor la Marohe d*Os8ifioations,’ de., Jftfm. Ac. Sei. 1880. The 
history of the devek^Knent of knowledge emieeming the ossification of the 
stemnni and the elassifioalofy results then^nm is treated by Newton in Dick 
Birds* *lnirodiiotion.’ Miss tonaar^a paper, alieadjt^imted* contains refer 
to the chief memoirs upon the sobjeot See also H. Dnsox, De 8icmo Avium, 
Dies. Inang., Hahs* 1867. ^ 

^ 0. Qnoximxim, ^Beitrigs s. Kenntniss des Beokens der Yfigel,* Jen. 
BsMkr, vL p. 187; Mmomxr, • Untmoshiingen fiber die Bnlwiehlang 
Os pelvis 4. Vfigel,^ JfofI*. /JB. alii, vm, p. 859; A. JfowisoK, ‘On tim 
Development of Brivis CSidle, te., in Om Cfiiibk*’ Quark /. Jficr. 8eL 1688* 
p.m\ B. Mart 

‘ Ittiifnhden af -^Binm** Ack Bund. XMc* xfili« 1887v p* 1 

IS. ttet 4ae Beoken 4« Vfigel v. Dinoeanxieri* Mosfih* 

vOmiPu” munwehmm mf ^ 
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diiection ; the ischiam and the pubis look downwards and 
slightly backwards ; at the end of the pubis, near to where 
it comes into contact with the iliac portion of the cartilage, 
is a forwardly directed process, the prepubic process. This 
primitive state of affairs has been most nearly preserved in 
Apteryx and Dinomis ; in these birds the pubis and ischium 
are free from each other distally and from the ilium ; their 
direction is, however, more backwards than in the embryo, 
and the prepubic process is relatively smaller. In all other 
bhrds the pubis and the ischium lie in a line more parallel 



Pro. 75 — Pelvis of Dinobkis (aftsb Mivabt). J Natural Sijse. 

Uiom ; pt pabis ; iuterobtorator prooeM ; tp^ pectlofttl proccM. 

with the ilium, and there is a greater or less connection 
between the several bones. This is seen in a less developed 
conditicm in the struthious birds and tinamous them in any 
others. In the tinamous, in fact, the pubis and ischium are 
quite £tee from each other distally, and £rom the ilium. In 
the ostrich the pubes unite in a ventral symphysis ; in Bhea 
there is a remarkable modification induced by the meeting 
of the isehia. The details of the struthious pelvis will be 
found described under the description of that group. In 
carinate birds Uie ischium is for the greater part of its mctent 
fused with the ilium, a fotainen only — the isdbiadic hamm 
— being left anterimly. The pubes jdn to a lessextent nith 
the isehia, and are sometimes (e.g. Colymbtu) quite 
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from them. The prepabic or pectineal process is large in 
the struthious birds, in the tinamous, and in a few carinates, 
such as Geoeoccyx. It has received much attention as the 
possible equivalent of the reptihan pubis, the bird’s so-called 
pubis being in that case the homologue of the posterior pubic 
process of the reptile. The dinosaurians seemed at one time 
to have been the means of solving the questions involved ; 
for in some of them there is a backwardly directed pubis, 
not quite so bent as in the bird, from the anterior and upper 
end of which a stout bone, considered to be the homologue 
of the pectineal process, is directed forwards. This latter, 
however, is clearly a part of the pubis, while the pectineal 
process is at least not always a product of the pubis, being 
sometimes purely iliac in origin, sometimes partly pubic and 
partly iliac. It may be that the missing prepubic process of 
the dinosaurian pelvis is represented by the remarkable 
bones ankylosed to the ostrich’s pelvis anteriorly, and con- 
tinued forwards by a cartilaginous tract, which were dis- 
covered by Darwin and Gabrod. This will reduce the 
pectineal process to the level of a mere projection of the 
pelvis of no particular significance save as a secure hold for 
the important ambiens muscle which is there attached. In 
any case it is safe to assert that wherever that process is pre- 
sent and long the ambiens is also present and well developed. 

Among carinate birds the pelvis does not show a great 
varikbility of form. The pelvis is either broader or narrower, 
being excessively narrow in the Ciolymbi. The proportions 
of the preacetabular and the postacetabular regions also 
differ, as do their relative breadths. 

It is noteworthy that the pubis il' sometimes defective in 
the middle, appearing then to consist of a proximal and 
distal portion unconnected in the dry skeleton. The fact 
also that but few muscles arise from the pubis seems to show 
that it is in a condition of degeneration. 

In ArehdBQfteryx tXovLQ are the elements the pelvis 
not ankylosed together. 

The acetabolnm of all birds except Dromttus is perfo- 
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rated : but the perforation is reduced in size in. Geoeoceyx, 
Tinamus, and Hesperomis. 

ffind Limb. — The hind limb of birds consists of femur, 
tibia and fibula, tarsus, metatarsus, and phalanges. 

In all birds the femur is shorter than the tibia, the pro- 
portions varying much. It seems impossible to place those 
birds in which the difference is least at the base of the series, 
on account, of course, of a resemblance so far to reptiles, 
since relative importance of the fore and hind limb appears 
to have something to do with the matter. From Fim- 
bringer’s tables ' it is to be gathered that Fregata is the 
bird in which the difference between those two segments of 
the leg is least. It is most pronounced in the divers, flamingo, 
and TulniiarM. A bone of some classificatory importance is 
the patella,* a sesamoid on the upper surface of the knee. 
This bone is not ossified at all in Colymbus, but is enormous 
in the grebes and in Hesperomis, in which latter, as in 
Phalacrocorax and Biziura lobata, it is perforated by the 
tendon of the ambiens. In Plotus the patella is grooved only 
{ot this tendon. 

In no bird (except as an occasional abnormality) is the 
fibula a complete bone. It fails below, and does not reach 
the tarsus. It is usually more or less coalescent with the 
tibia. The latter is a strong bone with a crest in front, which 
is enormous in the divers and Hesperomis. The distal end 
of the tibia is formed by a portion of the tarsus, of wtiich 
the remaining portion is coalesced with the metatarsus. The 
tarsus in the embryo * consists of three chondrites, a tibiale, 
a fibulare, and a distale. The latter represents the separate 
distal elemrats of the tarsus fused. The tibiale sends up- 

■ K—Mjnt f Ortedogte der VogelfaaM,* Bull. 8oe. Sat. Uote. 1841) hu slao 
fpytm toU«*. Hm valiw of th« ‘kmg bonet’ erf tbo leg for ‘defining orders, 
familiee, and often gonm ’ is j^ainljr set toth in this {Mqper. See also Mnjn- 
Emrsnns, OisoMMi IVMiRes de ia FVwioe, where farther infomiation is to be found. 

* 3 . Ksenumu, ‘ Beitrag anr Lehre Uier die EntwiAlangsgeeohidite d«r 
PateQa,’ JEf. RMr. Inef. WUn, (ii).iL 1887, p. IS. 

* O. Bum, *l>w Tanne der TOgd n. Dinoeatirier,’ Uarph. J.S. viii. 1888, 
p. 417; £. O. UOMB, *On .Oazinu and Tanas id Bii^’ Ann. Lye. Sme 
York, %. 1878, p, 141, and ‘iQn the Identitjr of tlie AMsoding PMeoH of tt* 
Astiagidaa,’ Ae., Autdm. Jfem. Botf. See. Sai. BisL IsoA. 
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-wards an ‘ ascending process,’ found also in the dinosaurs, 
which is the equivalent of the intermedium, while the 
centrale is represented by a distinct osseods nodule in the 
adults of the Struthiones (including Dinornis) and tinamous. 
In Apteryx T. J. Pabkeb found two osseous centralia. 

The number of toes and phalanges has been already 
described above. 

The Skull.' — While presenting many characteristic features 
of its own, the skull in birds shows certain fimdamental like- 
nesses to the skull of the reptilia. As in them, and contrary 
to what we find in the mammalia, the skull of birds — 

1. Articulates with the spine by a single occipital 
condyle. 

2 . Possesses a quadrate bone for the articulation of the 
mandible. 

3. The mandible itself is composed of at least a dentary 
angular and articular portion. 

4. The columella auris is very similar. 

The bird’s skull is, however, distinguishable by a number of 
characters, of which the following are the most important : — 

1. The bones of the cranium are very closely united and 
fused, this being less marked in the penguins and ratites. 

2. The brain case is large as compared with that of 
reptiles. 

3. The bones of the skull, as are those of the skeleton in 
general, are light and contain air spaces. 

4. The columella and the os transversum of the reptiles 
are absent.* 

. 5. There is no distinct postfrontal. 

The bones of fdie bird’s skull, 98 that of other ver- 
tebrates, may be distinguished into four categories — 
(1) those of the cranium ossified from its cartilage ; (2) those 
of the sense capsules ; (8) those of the visceral arches, and 
(4) membrane bones connected with the several regions 
enumerated. 

' H. ICkairoa, * Untmoohnnson flber d. Btruktar d. kn&ohernen VognUEoptos , 
ifcitMkr. wiM. ZwA. xxi. 1S71. 

* Sm homvwr below, under Peesetine tkall. 
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1. The bones formed by ossification from the chondro- 
craninm are four oocipitals, viz. basiocoipital, two exoccipitals, 
uid the sapradccipita], forming a complete ring of bone 
round the foramen magnum ; basisphenoid, with two wings, 
the alisphenoids ; presphenoid, with two wings, the orbito- 
sphenoids (occasionally atrophied, e.g. Apteryx) ; meseth- 
moid, with two lateral wings, the ectethmoids (sometimes 
termed prefrontals) ; these are occasionally absent as distinct 
ossifications, and may sometimes, on the other hand, be very 
large and even appear on the frontal surface of tbe skull, 
marking the orbit anteriorly ; in those cases they take the 
place of the orbital part of the lacrymal and have a better 
claim to be called prefrontal. 

2. The investment of the auditory capsule, termed 
collectively the periotic bone, consists of three separate 
elements, the prootic, opisthotic, and the epiotic, which last 
is absent in the Apteryx. 

3. The first visceral arch, the mandibular, has but two 
bones' ossified from its cartilage, the quadrate and the 
articulare of the lower jaw. The second and third arches 
form the hyoid apparatus; the ossifications are, first, the 
columella auris, a bone corresponding physiologically, if not 
also morphologically, to the ear bones of mammals ; secondly, 
a median piece in front, composed of two fused pieces, the 
basihyal, with sometimes lateral processes, tbe ceratohyals ; 
thirdly, the basibranchial, with two long lateral outgrowths, 
of which the nearest regions are ossified to form the cerato- 
bronchials; thirdly, a single median piece (sometimes absent), 
the urohyal, a remnant of the third arch.* 

The membrane bones of the bird’s skull are numerous, 
and may be referred to the same categories as the cartilage 
bones. 

1. Associated with the cartilaginous cranium are pos- 
teriorly the parietals ; in front of these the frontals ; with 
the frontals articulate the lacrymals, of varying develc^ment, 

- ' A aMBto-imtlnliaa iuw tom mmitly diMoremd in hawks. 

* For modiflBBtions of byoids ms especisllr ainow, in Broaa’s T Mer nAtk, 
and OnsKL, ZeiMur.f. d. ge$. NtOma., li. tSM. 
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and in the hawks bearing a second and separate bone 
behind. These bones appear sometimes to have a definite 
relation to the cartilaginous ectethmoids. I do not refer so 
much to the fact that they sometimes entirely fuse with 
them (and with the skull wall) as to the varying size and 
relations of the two. In the kingfishers, for example, where 
the ectethmoids are small, the lacrymals are large, and have 
below an expanded plate which supplies the place of the 
feeble ectethmoid. When the lacrymal does not reach the 
orbital margin, as in Corvus, the 
ectethmoid does, and, as it were, takes 
its place. In many birds belonging 
to quite different orders there is a 
small bone connecting the lower end 
of the lacrymal, or of the ectethmoid, 
with either the palatine or the jugal 
bar ; this bone has been termed ‘ os 
crochu,’ 08 uncinatum, os lacrymo- 
palatinum, and will be described in 
detail in those birds where it is to 
be found.' It may be that the os 
uncinatum should have been de- 
scribed as one of cartilaginous bones 
of the cranium. In some birds (tina- Fio. 76 .— Htoid or LoUm- 
mous, Mevura, Psophia, and Arbori- 
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ceratobraachial ; tt, urohyal ; 
•Qtogioasam ; p, parahyal ; c,oon- 
carlty in e. 


mus discolor 
Mivart). 

colofi there is a set of supraorbital ; Abf h;^branobial ; eft, 

bones margining the orbits above. 

The base of the brain case is protected 
by a large basitemporal, which has sometimes (e.g. Apteryx) 
a long rostrum in front. The maxillde are sometimes sepa- 
rate from each other, and at times united across the middle 
line by more or less extensive ossifications, of which a pro- 
minent one, and with the appearance of a separate bone, 
is the maxillo-palatine. The premaxillaries in front of these 
send back a long process extending as far as the nasals. 

2. To this category, perhaps, belong the squamosal, 

' fiM QBdsr Omritma, TbUmim, ItoguopadM, Xtuoptegl, where enm 
will be toniicL 
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refenUe to the auditory capsule, and the nasals above and 
the vomers below to the nasal capsule. The vomers are 
often paired bones, and near to them are other small and 
independent ossifications, such as the septomaxillaries (see 
imder Passeles) and the mediopalatines (see under Cuckoos). 
Connected with the eye — ossified, indeed, in the sclerotic — is 
the sclerotic ring. 

' 3. As membranous ossifications connected with or in 
the neighbourhood of the visceral arches are the pterygoids 
and palatines of the first arch, and perhaps the quadrato- 
jugal and jugal, connecting the quadrate with the maxillte. 
The pterygoids are, as a rule, style-like bones, flat, however, 
in the penguins, and may or may not articulate with the 
basis cranii by means of the basipterygoid processes. The 
palatines may be completely separate from each other, or 
fused for a greater or less extent. They are broader or 
narrower, as the case may be. The lower jaw has a number 
of membranous ossifications ; these are the splenial, dentary, 
angular, supra-angular, and coronary. One or two additional 
elements may be present. 

With these general characters the skull of birds shows a 
considerable number of differences of minor importance in 
different fiunilies and genera. The first, perhaps, of these 
in degree of importance-fcertainly in general estimation, if 
not actually so'^is the series of modifications of the avian 
palate which Were worked out in detail by Huxley, and 
after him by Pabkeb, but which had beeB previous to 
Huxley’s ' well-known paper studied with some degree of 
success by Cobnat.* 

Huxley distinguished among the palates of birds the 
following principal modifications : — 

1. Dromeeognathi$m.—T!\m characterises not only the 
ratites but also the tinunous, and has been indeed the 

■ In P. E. a. 1887. 8m nlio paper bjr Nswtom, IMt, 1868, p. 86, and r^ply, 
ibid. p. 867. 

* * OonsUUtatiQna OdodtalM roi la OlaaeifioatioD dei Oiaeanx,' Ao., Rev. 
Zoel. 8oe. Omdtriemu, 1847 ; im alM HnmrMXK, BeUrdge a. KemOn. 4. 
Xiafergaumitu^ppainitea 4. Diaa. Inaag., Blmhns, 1889. 
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principal reason for the close association of the^ birds by 
subsequent writers. In these birds (see fig. 77) the vomer is 
broad posteriorly, and thrusts itself between the pterygoids 
and palatines on the one side and the basisphenoid rostrum 
bn the other, and thus prevents their articulation. This is 
the typical dromseognathous state ; but there are certain 
modifications which will be described in detail later. The 
ostrich, for example, is only dromseognathous in that the 
pterygoids and palatines do not articulate with the basi- 
sphenoidal rostrum ; for the vomer in this bird is short and does 
not reach back far enough to prevent (so to speak) the union. 

2. Deamognathism. — In a variety of birds belonging to 
many orders the vomer has either disappeared or is very 
small ; the two maxillo-palatine plates come into contact 
in the middle line, as, indeed, they do in the dromesognathous 
skull. As with all the types of skull to be enumerated, the 
pterygoids and palatines at the point of their onion with 
each other articulate with the basisphenoidal rostrum. (This 
kind of skull is illustrated in fig. 78.) 

3. Schizognathiam . — This type is almost as prevalent as 
desmognathism. The vomer, well developed, terminates, as 
a rule, in a point anteriorly. The maxillo-palatines, variable 
in size and shape, do not meet across the middle Une with 
each other or with the vomer. (See fig. 79.) 

4. ^githognathiam.— Foxmd typically in ‘finches ’and 
in passerines generally ; is very like the last type. The 
distinguishing character (fig. 80) is that the vomer is 
broad and truncated anteriorly, lying between the separate 
maxillo-palatines. The skull is thus ‘ schizognathous ’ 
etjunologically. To these four divisibhs Professor Pabkeb 
has added — 

5. Saurognathiam. — Exemplified in the woodpeckers. 
The maxillo-palatines are extremely slight, hardly extending 
inwards from the maxilles ; hence the skull is widely 
schizognathous. The vomers are delicate pedred rods. 

Ab stated in the foregoing brief epitome of the characters 
of the several types of skull, the facts seem to differentiate 
the five types fully. Elliot Coueb remarks of desmo- 
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gnathism tbat ‘ it does not fadge so well as any other one of 
the palatal types of structure with recognised groups of 
birds based on other considerations.’ This might be really 
said of sauroguathism also ; for the woodpeckers are not so 
far removed hx>m other picarian birds as the structure of 



Fw. 77.--8«n* or Bh«a. Vramui, Fio. 78.— Skou. or DacOo (Armi 

ym. (AmaBmojR). Hoxunr). 

their skull would lead us to believe. Neither are wiy of the 
subdivisimis, mco^pt that of the dromasc^atluB, really satis- 
factory firom tiiie classificattHy pdnt of view. T hei r in* 
efficiency, however, is rendoed harmless by the* fact tiiat 
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they ate in reality not such hard and fast distinctions as 
might be gathered from the foregoing abstract and from 
textbooks in general. 

Pabkeb has distinguished four categories of desmo- 
gnathism — (a) perfect direct, the maxillo-palatines uniting 
below in the middle line ; (6) perfect indirect, maxillo- 
palatines separated by a chink in the middle line ; (c) im- 
perfectly direct, maxillo-palatines sutured together in the 





Fio. 79. — Skull or Alca (attem Huxlky). 
prtfronUl (wtetlimoid) : 

MftxSUit. Otbor letters m in prenont 



Fio. 80.— Skull of Corvus (afteb 
HuIlbt). Lbttxrino as beforb. 


middle line; imperfectly indirect, maxillo-palatines closely 
articulated with and separa^ by the median septomaxillary. 
There is also the exaggerated desmognathism (‘ double des- 
mognathism ') of Oie hombills, Ac., where not only 
maxillo-palatines but also the palatines are united across the 
middle line; and finally the spurious desmognathism of 
•certain egil^ognatiious birds {Megalama), in which the 
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vomers are segithognathous, but the maxillo-palatines are 
united. 

As of desmognathism so of segithognathism, Parker 
distinguishes four kinds — 

Incomplete segithognathism (Hemipodes) is distinguished 
by the fact that the broad double vomer has a septomaxil- 
lary at each angle, which is only ‘ strongly tied ’ to alinasal 
cartilages. 

Complete Var. 1. — The vomers are distinct from the often 
long alinasal walls and turbinals : a small septomaxillary 
appears on the angle of the alinasal cartilage, but does not 
run into it. 

Complete Var. 2 . — Here the vomers are grafted upon the 
nasal wall. 

Compound, where in an segithognathous palate desmo- 
gnathism is produced by ankylosis of the inner edge of the 
maxillaries with a highly ossified alinasal wall and nasal 
septum. 

Among the higher families the septomaxillaries are often 
absent. 

It is clear, therefore, that a very narrow bomidary line 
separates desmognathism in some of its forms from schizo- 
gnathism, and that there is a direct relationship between 
desmognathism and segithognathism. The only type of 
skull whi ch is reaUy distinct is the drpmssognathous. 

In clasmficatory importance perhaps next comes 'the 
condition of tiie nasal bone. Garbod distinguished birds 
into those with holorhinal and those with schizorhinal 
nostrils. These terms refer to the posterior edge of the bony 
nostril, which in one set of birds, the holorhinal, ends behind 
with a clear ovid outline (fig. 81), or in the schizorhinal 
birds runs hack as a gradually narrowing chink ; this latter 
arrangement is shown in fig. 82. In the holorhinal bird a 
straight line, dzawn across the face from the posterior 
boundary of one nostril to that of the o&er, passes in 
front of the termmation of the nasal processes of the 
premaxilla. It is not always the case that a line dzawn 
similarly to tiiat of the hobrhinal hbtda TMwaes behind fhe 
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end of the premaxillary process, but it is generally so. In 
the schizorhinal skull it often appears, as in the typical 
Hchizorhinal cranes and charadriiform birds, as if the outer 
part of the nasal bone were a distinct bone ; for it joins the 





Fio. 81. -Skull of Psophia. Lateiial View. (After Beodabd.) 


inner lainina at an angle. In the t5^pical holorhinal skull, 
on the other hand, as, for example, in the Rallidce, the two 
parts of the nasal come smoothly together, leaving the clear- 



Fio. 89,'— Skull of Lanu* Fio. 88.— Skull of Fumarius, 
JDobsal Vxkw. (Ama Dohsal Vixw. (Aftsb 

Qabboo.) Qarbod.) 

out, ovally oontoured nostril. It is not, however, always easy 
to diatingniah so clearly as can be done between Ballua and 
Qrut. Thus Oamiod admits the schizorhiny of Fumariu* 
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and . some other» Passerines, in which the bony opening o. 
Uie nostrils, although, as he figures it, rounded off at ite 
termination, ends behind, or at least on a level with, the 
ends of the nasal processes of the premaxillte. In the same 
way an intermediate condition is offered by Thinocorus and 
Glareola, in which there is much the same kind of arrange- 
ment. But one of the most striking instances which have 
come to my personal knowledge is that of Chunga. Its 
near ally Cariama is, as correctly stated by Garbod and 
others, holorhinal, which in view of its relationship to the 
cittnes is unfortunate. But in Chunga it is clear that the 
holorhiny is secondary, being produced by a slight modifica- 
tion of schizorhiny. 

A careful examination of Chunga shows that the two 
parts of the nasal bone do not join evenly above the opening 
of the nostril, but that the outer descending lamina of the 
bone is divided for some little distance by a crack from the 
premaxillary portion, the two running up in close contact — 
so close that no actual space is left between them, only a 
line of junction to mark their original separateness. In the 
skulls of Cariama that I have examined there is no trace of 
this ; but, considering the nearness to each other of the two 
birds, it seems probable that it is merely disguised. This 
fact favours Furbbinger’s idea that schizorhiny is more 
primitive than holorhiny, and is so far adverse to Garrod’s 
view that * the schizorhinal disposition is most certainly one 
which is a secondary development upon the normal holo- 
rhinal nares.* 

It is clear too that the holorhiny of such a bird as Opig- 
ihocomut, where the ossified alinasals produce the rounded 
margin of the bony nostril, cannot be accurately compared 
with the holorhinal nostril of a gallinaceous bird, where it is 
the nasals themselves that bound the orifice. 

The presence or absmice of hasipUrygoid procesBes is 
another matt^ upon which some stress is Usually laid from 
a systematic poii^ of view- One assui^ that tiie exutiience 
of these ptocesseli^ the miginal condjMon uid tbat their 
loss is secondary. Ibe or absence of basi^^oyi^ 
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processes is most capricious. Thus amoiig the limicoline 
series they are absent from the skulls of the gulls and — more 
unexpectedly perhaps — from the CEdionemidae and Thino- 
ooridse. Among the birds of prey the secretary bird and 
the American vultures have these processes, while the 
FalconidsB have them not. The goatsuckers may be 
similarly divided into those without and those with basi- 
pterygoid processes. The Ttjbinabes, again, show variation 
in this respect, as do the trogons. It is therefore, in the 
first place, impossible to compare directly all birds which are 
without these processes, just as it is impossible to put 
together all birds without an ambiens. We may note, how- 
ever, that it is only among groups of birds which show a 
considerable range of structural variation that there is this 
variation of the basipterygoid processes. It is not, so to 
speak, lightly that they have gone. The reason for the 
assumption that the basipterygoid processes are primitive is 
their existence in reptileg and in such widely separated types 
as chameleons, pterodactyles, and Hatteria, and in addition 
I may point out that there is a significant correspondence 
between a primitive arrangement of gut and the presence 
of these structures. It cannot be said that every bird with 
iMsipterygoid processes has the most primitive arrangement 
of gut, but we do find both in the ratites, Chauna, the 
gallinaceous birds, the charadriiform birds, the owls, and 
the goatsuckers. The falconiformes (Haliaetus) are, it is 
true, an exception ; but it must be remembered that this 
group is one that has basipterygoid processes {Serpentarius, 
Cathartea), though they are absent in t^ie true falcons. 

The principal variations exhibited by the cranium of 
birds, apart from those that have been already considered, 
concern the existence of supra-orbital bones, the existence or 
non-existence of occipital fontanelica, the marks of the tupra- 
arbiial glands, and the presence or absence of a hinge line 
between the skull proper. and the face. 

The existence of svprororbital bones in the form of a 
long^ ia shorter chain of ossicles was first pointed out by 
Fanisiiai as a reptilian dharacter of occasional occuzxenoe. 
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The degree of development of the lacrymals and the 
ectethmoid processes varies greatly among birds, and is at 
times of use for systematic purposes. In some birds, as, for 
example, among the cranes, there is no jimction between 
those bones ; in the Charadriidse, on the other hand they 
form a complete ring ; in Pterocles, &c., the two are firmly 
blended into a square plate of bone which bounds the orbit 
anteriorly. 

The lacrymal is occasionally joined to the palatine or to 
the jugal by a small independent ossicle, which Pakkeb has 
termed the uncinate bone, and thinks to be the homologue 
of the anterior connection of the palato-quadrate arch with 
the skull in the tadpole, &c. This bone is so variable in its 
presence (e.g. Cariama, Tubinares) that it can hardly be 
regarded as of much systematic importance. The last matter 
to which we may refer as of classificatory importance is the 
form of the quadrate, which Miss Walker has shown to 
vary much and characteristically in different groups. It had 
been long known that the single-headed articulation with 
the skull was a character of struthious birds, excepting 
Apteryx, and of Ichthyornis, and to a less extent of gallina- 
ceous birds and ducks. 

The value of the base of the skull in classification has 
been continuously debated since the facts were first so clearly 
set forth by Huxley. , 

From the complications introduced into the originally 
simple series of modifications of the skull instituted by 
Huxley, by Parker, and from the varied criticisms of fact 
and conclusion of a classificatory kind based upon fact, we 
may disentangle one conclusion that many ornithologists 
will agree with — that is, the more lacertilian character of 
the skull in the struthious than in other birds. In them the 
palatines are home off from the basispbenoidal rostrum by 
the vomer (with the exception of Struthiotin which, however, 
the palatines are still remote from the rostrum), and the 
general disposition of these parts is, as Huxley wrote, * more 
lacertilian than in other birds.’ Furthermore in the stru- 
thioub birds the double character of the vomer is mmre 
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universally retained than in other birds. As T. J. Parked 
has shown in Mesopteryx, Anomalopteryx , and (according to 
Owen) Dinornis torosus, and finally in the young of Emeus 
crassus, there are distinct paired vomers. The strong anterior 
and posterior bifurcation of the vomer in living Struthionidae 
is an indication of the partial fusion of the primitively 
separate halves of the single vomer. A double vomer, 
however, is not a feature of the struthious birds alone ; in 
the young Hesperornis the same occurs ; in the woodpeckers 
(hence Saurognathte in Parker’s nomenclature) there are two 
distinct vomers, while Parker has recently committed him- 
self to the general statement that ‘ in most birds that have 
a large or wide vomer it is double at first.’ The inference 
is that the single thread-like vomer of many birds is in a 
degenerate condition. In any case a large vomer, double or 
single, and a lacertilian palate generally mark all the stru- 
thious birds, and justify their generally recognised position 
somewhere not far from the root of the avian series. 

As for desmognathism and schizognathism. Professor 
Parker has aptly remarked : ‘ The use of such a taxonomic 
character as desmognathism or schizognathism is very 
extensive in some groups and very limited in others ; and 
there is no sharp line of demarcation between the two. The 
most lacertilian palate for openness is that of the woodpecker ; 
the most modified by intense ossification is that of the 
toucan ; yet these two types, each specialised to the utter- 
most, have a postcephalic skeleton, not indeed identical, but 
extremely similar.’ 

That the toucans and woodpeckers are exceedingly near 
akin is also shown by many other features of their organisa- 
tion (see below). Huxley claimed for his Schizognathas 
that they were a natmal group, but hardly claimed so much 
for the DesmognathsB. He admitted, however, that Cariamay 
a schizognathous bird in the totality of its organisation, had 
a palate approximating to the desmognathous. The Cracidse 
and Bhinochetus are in the same anomalous position. The 
Trogonidae, whose nearest allies are the desmognathous 
birds, have a schizognathous palate (as was pointed out by 



160 STRUCTURE AND CLASSIFICATION OF BIRDS 


JffoRBES), while the goatsuckers show both desniognathism 
and schizognathism among the members of the group. On the 
other hand schizognathism is not on the taxonomic side 
sharply marked ofif from aegithognathism. Huxley’s defi- 
nition of the vomer in schizognathous birds was that it is 
' pointed in front ; ’ this is not the case with many Schizo- 
gnathap, Hcernatoptis, Numenius (cf. below). And, on the 
other hand, Parker showed that another j^eculiarity of the 
aegithognathous skull, the union of the vomer with ossified 
alinasals, was also found in the * Turnicomorphap,’ ^ group 
which for other reasons should be placed among Huxley’s 
Schizognathae. 

It appears, therefore, undesirable to lay too much stress 
upon the modifications of the palate, as seen in the three 
groups just discussed, as a basis of classification. 

Huxley defined desmognathism as follows : ‘ The 

vomer is often either abortive or so small that it disappears 
from the skeleton. Where it exists it is always slender and 
tapers to one point anteriorly. The maxillo-palatines are 
united across the middle line either directly or by the 
intermediation of the ossifications on to the nasal septum.* 

This definition applies perfectly well to the Anieres and 
PalamedeaD, but not to all other groups of birds. 

But there is the form of desmognathism found in the 
Steganopodas and in the owls and Aooipitres. In the 
former group there is no desmognathism (in the sense of 
Huxley) except in Pelecanus. The maxillo-palatines of 
Phaethon and Fregata (see below) are perfectly free ; in 
front of them the palate is complete, but that completeness 
is formed by a union of lateral extensions of the maxillce 
which are distinct from the rounded maxillo-palatines. In 
the cormorant, which is admittedly an ally of Phaethon, there 
appears at first sight to be a true desmognathism, a fusion, 
that is to say, of the maxillo-palatines. The plates of bone 
in question are beneath the ends of the palatines, but, instead 
of running horizontally in the same plane as the palatines, 
they run obliquely upwards (when the skull is regarded from 
below). If it were not for Fregata, these bones might be 
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looked upon as the homologues of the maxillo-palatines of 
Phaethon. But in Fregata both structures are present. 
Coexistence clearly disproves homology ; we must, therefore, 
place the * desmognathism ’ of Phalacrocorax upon an 
entirely different footing from that of the Anteres, where 
the maxillo-palatines unite in the typical fashion across the 
middle line. 

In addition to these forms of desmognathism it appears 
to me that we should distinguish that of the American vul- 
tures, where there is no union at all of the maxillo-palatines, 
but only of the alinasals. 

In fact there appear to be three ways of bridging over the 
palate which may be termed desmognathism, though the 
word becomes merely descriptive of a condition and not 
necessarily indicative of affinities ; these are — 

(1) Union of maxillo-palatines (more or less complete). 

(2) Union of alinasals. 

(8) Union of maxilla* in front of the maxillo-palatines. 

These three are usually combined in various ways ; e,g. 

In hombills there are all three methods of union ; in 
some Steganopodes only numbers 2 and 8. 

Brain and Nervous System. 

The brain of recent birds chiefly differs from that of 
reptiles by the large size of the hemispheres, the large size 
of the cerebellum, and by the fact that, owing to the great 
development of these two regions, the optic lobes are pushed 
to one side. T. J. Parker found in studying the develop- 
ment of Apteryx that the latter feature is acquired during 
development, and that the optic lobes have originally the 
reptilian position. The extinct cretaceous birds had brains 
with smaller cerebral hemispheres and with larger optic lobes 
than existing birds, and were in these particulars more repti- 
lian. On the other hand, if the cast present in the London 
example of the Archceopteryx be really, as it was first surmised 
to be by Sir John Evans, the brain of the bird, it was less 
reptilian than Hesperornis, a fact which may possibly 
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suggest the inference that the brain of the cretaceous bird 
furnishes an example of degeneration rather than of the 
retention of an archaic character. 

The hemispheres, although smooth in the majority of 
birds, show faint indications of what may correspond to 
furrows in some others. In the duck, for example, as 
figured by Gabow (after Bumm), there is a central raised area 
marked off by a furrow from the surrounding parts of the cere- 
brum ; faint traces of the same occur in Buteo vulgaris. The 
weight of the brain as compared with that of the whole body 
has been studied by several observens, and according to their 
results the Passeres and parrots take the highest place. 
But Gadow justly remarks that ‘ the attempts to sort birds 
according to the proportion of brain to body have led to no 
practical results, chiefly because the variable conditions of 
fat and lean subjects have not been considered/ 

The brachial and lumbar plexuses, particularly the 
former, have been studied in a large number of birds ; 
Furbringer has published a quantity of drawings of the 
fonner, but no classificator}' results of reliability appear to 
follow from the facts collected with so much diligence. The 
brachial plexus varies in position and in complexity. The 
former variations are largely correlated with the varying 
length of the neck ; thus in Columba the first spinal nerve 
entering into the plexus is the tenth, in Phcenicopterus the 
seventeenth. The number of nerves which together form 
the plexus varies from only three in Bucorvus to six in 
Columba. 

The Eye. — The eye of birds presents many resemblances 
to that of reptiles. The minute structure of the retina 
presents many points of similarity, as also the ring of ossifi- 
cations in the cornea, and the pec ten. The latter is a folded 
process of pigmented tissue which projects into the vitreous 
humour through the choroidal fissure, which is in the embryo 
the gap left between the edge of the optic cup and the lens 
on one side. The pecten offers differences in various birds 
upon which perhaps some little stress can be laid. In 
Apteryx it is entirely absent. There are very few folds in 
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the owls (4 to 7) and in the goatsuckers ; this might lead, in 
connection with the total absence of the pecten in Apteryx^ 
to the conclusion that the less or greater development of the 
organ had some relation to nocturnal or diurnal habits. 
But the existence of only four in the emu seems to throw 
some doubt upon this suggestion. Among the passerine 
birds the largest number (raven 80) of folds in the pecten 
is found. 

Certain small ossifications in the cornea near to the 
entrance of the optic nerve seem to be peculiar to the 
Passeres and to certain picarian birds. The eyes have both 
lacrymal and Harderian gland ; the eyeball is moved by four 
recti and two oblique muscles ; the membrana by two 
muscles, the quadratus and the /?.*?, both innervated 
by the sixth cranial nerve. 

The Ear. — Birds have no external ear (concha), but in 
many a flap forming a valve projects into the meatus from 
the outer margin, a state of affairs which recalls the condi- 
tions found in the crocodile. This outer ear is especially 
well developed in the owls, in which birds also the ear region 
of the skull is often markedly asymmetrical. 

The inner ear has the three semicircular canals of all 
higher vertebrates, but the cochlea is not coiled. The audi- 
tory ossicles consist of a single structure, partly bony and 
partly cartilaginous, called the columella. 


The Affinities of Birds 

In considering the relationship of birds to other verte- 
brates it is probably safe to leave out of consideration the 
mammalia and the amphibia. Points of likeness have, it is 
true, been urged in favour of the latter view of an afiBnity 
between birds and amphibia by the late Professor Parker ; 
but apart from warm-bloodedness and the resemblance 
of some of the more simple forms of feathers to hairs 
there is nothing to be said on behalf of a kinship 
between birds and mammals. As to the likeness with 
amphibians, it is possible that the divergence of birds from 
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the reptilian stem was at a time when the characters of the 
amphibian had been incompletely thrown off, and at a time 
also when the mammals diverged on their own path from a 
point near to that w'hence the birds took their origin. The 
general belief is in the origin of birds from some reptile stem, 
but there is not an absolute agreement as to precisely w’hich 
group of reptiles birds are most nearly akin to. The researches 
of Mabsh and Hx:xley, besides those of Cope, Seeley, 
Hulke, and some others, have led to a general acceptance of 
a nearer kinship with the dinosaurs than with any other 
group of reptiles. In considering the question, then, which 
forms the subject of the present chapter, we shall commence 
with the dinosaurs. The dinosaurs, ranging in size from 
vast creatures of 70 or 80 feet in length to a diminutive reptile 
half the size of the domestic fowl, are first knowui from 
the Trias, persisted though the Jurassic and finally came to 
an end in the Cretaceous epoch, later than which no 
remains have been found. So far as we are aware birds 
came into existence in the Jurassic period ; hence there is 
no anachronism in considering them from the dinosaurian 
aspect. 

It was formerly held that birds antedated the Jurassic 
period ; for some of the celebrated tridactyle footprints in 
the sandstone of the Triassic period were put down to birds. 
It seems, however, to be now fairly certain that those foot- 
prints are of dinosaurs. Still with so specialised a form as 
ArcJueopieryr certainly was, and as Laopteryx probably was 
in the Jura, it would not be surprising to meet with genuine 
avian remains in the Trias. But even then there are 
undoubtedly dinosaurs belonging to that period, so that the 
question of relationship would resolve itself into a common 
origin, not a derivation of birds from dinosaurs. 

The part of the skeleton in which most resemblance is 
shown between birds and dinosaurs is the pelvis. The 
dinosaurian pelvis consists of apparently three elements, like 
that of birds, but the pubis is an L-shaped bone, constructed 
of two pieces, one directed forwards and the other back- 
wards and parallel with the ischium of its side. The latter 
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is generally regarded as the homologue of the pubis of birds, 
while the forwardly directed half of the bone is considered 
to be the equivalent of the pectineal process. The alterna- 
tive is to look upon the prepubis of the dinosaur as the pubis 
of birds, and the postpubis as having disappeared altogether 
in them. In this case the crocodile will be an intermediate 
form ; for in this reptile the prepubis is the ‘ pubis,’ while 
the postpubis is represented by an inconspicuous process 
upon the pubis. The former alternative commends itself to 
us. There are birds in which the pectineal process is 
practically absent ; in others, as Apteryx, Geococxyx, &c., it is 
large ; on the other hand there are dinosaurs, e.g. Laosaurus 
consors, in which the prepubis is generally reduced — to a 
length of not more than one-third of the postpubis (pubis 
of birds). The opposite extreme is reached by Triceratops, 
where it is the postpubis which is less than a third of the pre- 
pubis, and Ceratosaiirus, where it is even further reduced. 

It is not, however, only in the pubes that the pelvis of 
the dinosaurs is like that of birds. In those reptiles the ilia 
W’ere extended forwards and backyards, as in birds, and in 
Ceratosaurus at any rate the three bones w^ere all firmly 
ankylosed, as in all birds save Arclmopteryx, where the 
separation of the bones conforms to what is found in the 
vast majority of the dinosaurs. Laosaurus, which has just 
been mentioned, is one of the most birdlike of dinosaurs. 
‘ The two species of the genus first described by the writer,’ 
remarks Professor Marsh, ‘ show these avian features best 
of all, and it would be difficult to tell many of the isolated 
remains from those of birds.’ Of the cretaceous dinosaurs 
the same author observes, ‘ Others w'ere diminutive in size, 
and so birdlike in form and structure that their remains 
c^n be distinguished with difficulty, if at all, from those of 
birds.* Ornithoftiimus, as its name denotes, is one of those 
especially annectent dinosaurs. In this genus the third 
metatarsal is crowded backwards behind the second and 
fourth, as in many birds. But the dinosaurian metatarsals 
which are most strikingly like those of birds are of Cerato- 
saurus, which Marsh has figured side by side vdth those 
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of a penguin, where the bones show greater traces than 
in any other birds of their distinctness, and are furthermore 
shorter than is the rule. In dinosaurs generally those bones 
are separate, but not in Ceratosaurus, where the degree of 
fusion is almost exactly that of Aptenodytes. 

Furthermore in some dinosaurs, as in birds, the inter- 
medium is prolonged upwards as the ascending process of 
the astragalus. 

The proportions of the long bones of the hind limb are 
distinctly birdhke in some dinosaurs. In Laosaurus, for 
example, the femur, as in birds, is shorter than the tibia, the 
reverse occurring in most forms. In the same animal and 
in others the fibula is commencing to degenerate ; it is 
decidedly smaller than the tibia. 

In their skulls the dinosaurs show no marked approxima- 
tion to birds ; there are nevertheless one or two features 
which may be remarked upon in this connection. The 
earhest know^i fonns from the Trias have perhaps the most 
birdlike forms of skull. Marsh comments upon the light- 
ness and avian appearance of the skull of Afichisaurtis ; it 
has moderately developed basipterygoid processes instead of 
those of such great length that are apt to characterise the 
dinosaurs. The great extension backwards of the prernaxil- 
laries in some dinosaurs is an avian characteristic ; this is 
seen especially well in Diplodocus and Claosaurus. In the 
former animal, as in some others, the two vomers diverge 
widely posteriorly, as in many birds ; and in the restoration 
of the under surface of the skull in this dinosaur the vomers 
have a very birdlike appearance. 

Finally the height at which the transverse processes of 
the vertebras are borne seems, as Huxlev has pointed out, 
to suggest birdlike respiratory organs, while the hollowness 
of many of the bones in many dinosaurs points in the same 
direction. It is, however, undoubtedly in the pelvis and 
hind limb that the most striking likenesses to birds are 
shown by the dinosaurs. It has been attempted to put this 
down merely to bipedal progression. ‘It may be said,* 
remarked Professor Huxley, ‘ that all birds stand upon 



THE AFFINITIES OF BIRDS 


157 


their hinder feet, and that, as the Omithoscelida did the same, 
the resemblance of structure arises from a resemblance of 
function. But I doubt if the majority of the Dinosauria 
stood more habitually upon their hind limbs than kangaroos 
or jerboas do ; and, unless there was some genetic connection 
between the two, I see no reason why the hind limbs of 
Omithoscelida should resemble those of birds more than they 
resemble those of kangaroos.’ In addition to this it may be 
pointed out that Hallopus, which appears to have been very 
probably a leaping dinosaur, has not the specially ornithic 
form of limb ; it has large pubes and no postpubes. 

A recent description by Mr. E. T. Newton ‘ of the skull, 
brain cast, and cast of the auditory organ in a pterodactyle, 
Scaphognathus Purdoni, shows certain most interesting 
resemblances between the pterosaurians and birds. It is 
possible that this pterosaurian, like Pteranodon, possessed a 
horny beak and no teeth. But the presence or absence of a 
beak or of teeth is no more distinctive of birds (cf. Archceo- 
pteryx) than of reptiles. The skull shows more positive 
points of likeness. In the first place, the bones of the 
pterodactyle cranium are early ankylosed and well anky- 
losed, being in this particular ayian and not lacertilian. 
The large size and backward extension of the single pre- 
maxillary bone (=two fused premaxi ll«e) agree with that of 
birds and contrasts with that of lizards. The palate shows 
also certain interesting resemblances, more especially to 
both emu and cassowary. As in the struthious birds and in 
lizards also the palatines are borne off from the middle line 
by the pterygoids ; the latter bones, moreover, as in the emu, 
articulate at their posterior ends with both quadrate and 
basipterygoid processes. The vomer tw is birdlike in being 
pushed backwards, owing to the extent of the premaxillee, 
and in being thin, apparently single and bifurcate posteriorly. 
Other general resemblances in the skeleton are the develop- 
ment of air cavities in the bone, the large size of the orbit 
— which may, however, in the pterodskctyles have had some 

' ' On th« Skull, Brain, and Auditory Organ of a New Species of Pterosaurian,’ 
PhU. Tram, 1888, B. p. 608. 
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relation to nocturnal habits — and the presence of a keel upon 
the sternum. 

It is possible, though far from certain, that Scaphogna- 
thus had not that characteristic reptilian bone, the os trans- 
versum. 

Finally, the general shape of the scapula and the angle 
that it makes with the coracoid are birdlike in the pterodac- 
tyles. 

The brain of the pterodact3des seems also to have pre- 
sented avian characters ; the optic lobes are pushed aside by 
the large cerebellum, which had well-developed floccular 
lobes. In the reptile's brain the optic lobes intervene 
between the cerebrum and cerebellum. 

The pelvis of the pterodactyles has some likenesses to 
that of birds. The ilium has an extension in front of as well 
as behind the acetabulum ; and, if the opinions of Seeley 
are to be agreed to, there is a rather backwardly directed 
pubis, more or less fused with the ischium, and a long and 
thin forwardly directed piece, the prepubis of dinosaurs and 
the pectineal process of birds. ’ 

The main difficulty, bow'ever, in the way of comparing 
pterodactyles and birds is in the fact that both can flj% and 
that each has acquired the power of flight by a different 
method. Having acquired the power of flight it seems clear 
that certain of the points of resemblance between them may 
easily be due to that mode of life and may have been inde- 
pendently arrived at. 
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Pkofessor Newton’s article ‘Ornithology’ in the ‘En- 
cyclopaedia Britannica,’ and the preliminary sketch of Dr. 
Gadow in Bronn’s ‘ Thierreich,’ contain a digest of, and 
criticisms upon, the main schemes of classification of this 
group which have as yet appeared. I shall, therefore, refer 
the reader to those works for the history- of the subject. 
There can be no question, in my opinion, that birds must 
be primarily divided into two great divisions, viz. Sannurn 
and Ornithara, the first to contain Arclueopteryx and possibly 
Laopteryr, the latter the rest of birds, both living and extinct. 
As to the Omithura>, while there is a very general agreement 
w'ith the main subdivisions— no one probably will quarrel 
seriously with the divisions adopted in the present work — 
no one has (to my mind) satisfactorily arranged the different 
groups w-ith reference to each other. More especially does 
it appear to me that the majority of ornithologists are in 
error concerning the position of the picarian and passerine 
birds. 

In considering a scheme of classification it is clear that 
we must bear in mind indications of the descent of birds. 
Existing schemes have savoured too much of a mere sorting 
by combining in various ways characters which are dis- 
tinctively bird characters. However unsuccessful the con- 
struction of phylogenetic trees has been, it is abundantly 
plain that that must be the line to take in arranging a group 
scientifically. It follows, therefore, that in sketching, at 
any rate, the main outlines of our scheme attention must 
be paid only, or chiefly, to those characters which birds 
have inherited from their reptilian ancestors. 
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Now this at once lands us in a difficulty, which has been 
too lightly regarded by many systematists. Phylogenetic 
schemes used to be boldly linear, and even so recently as 
the attempt of Furbbingek the family tree savours a little 
too much of the linear arrangement. Now the imperfect 
remains of birds that have come down to us from tertiary 
times show that the modem types of birds were fully 
differentiated even then in addition to a few extinct forms, 
such as Odontopteryx toliapicus {if thisbenotasteganopod). 
But beyond that point there is the most scanty record of 
bird life, limited to the Cretaceous Ichthyomithidee and 
Hesperomithidae, with a few obscurer forms, and to the 
Jurassic Archeeopteryx. So emphatically were all these 
creatures birds that the actual origin of Aves is barely hinted 
at in the structure of these remarkable remains. Moreover, 
at least in the case of Ichthyornis, they depart fully as 
widely from any bird with the required ‘ mixed ’ characters 
as any living group, while Hcsperornis can with safety be 
relegated to the neighbourhood of the existing divers. We 
get, therefore, im help whatever from the Cretaceous birds, 
and, if any, only the scantiest assistance from Archaopteryx, 
in determining what are archaic characters in birds. There 
are no criteria by which we can assert with any degree of 
safety the relative positions of this and that existing group ; 
nor has the study of the comparative embryology of birds 
as yet advsmced sufficiently far to give any results, except 
in isolated characters ; such indications are the relatively 
primitive character of the basipterygoid processes, at least 
in certain groups; for the gulls which are without them 
when adult, have them as young chicks, as have in the 
adult condition most of their near allies, the LimioolB. It 
may, therefore, so far be inferred that the gulls are a 
modification of the limicoline type and not vice versa. 

It would be perhaps held that any type in which a 
number of imdoubtedly reptilian characters had survived 
would be on a lower level of organisation than other types 
in which fewer or no such characters could be discovered. 
But the few specially reptilian features in the organisation 
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of birds have, so to speak, been distributed with such exceed- 
ing fairness through the class that no type has any great 
advantage over its fellows. Parker has collected together 
some of the reptilian survivals, and to bis series a few others 
may be added. The rudimentary organ of Jacobson found 
by T. J. Parker in Apteryx is a suggestion of the reptile ; 
but we do not know enough about the development of other 
birds (except the struthious, where Parker found the same 
rudiments himself) to lay much weight upon the discovery 
as indicative of the low position of Apteryx in the avian 
system. The supra-orbital chain of bon^s is also on the 
same grounds an archaic character ; but they exist in 
such widely different types as tinamous, Psophia, Menura, 
and quails. The double vomer is reptilian ; this bone is 
double or nearly so in struthious birds, in Hesperomis, 
woodpeckers, and even in passerines and other types with a 
broad vomer. Parker has compared the ' os uncinatum ’ 
with the anterior suspensory cartilage of the tadpole’s jaw 
apparatus ; this is found in so many and such various forms 
as Cariama, Fregata, Tabinares, Musophagidse, Steatornis, 
&c. Basipterygoid processes are distinctly reptilian, found 
as they are in so many forms of reptiles. But among birds 
they occur in nearly every big group, and are therefore most 
undistinctive. The pectineal process, if it is invariably — as 
T. J. Parker says it is in Apteryx — the joint product of pubis 
and ilium, is not exactly comparable to the supposed corre- 
sponding process of the dinosaurian pelvis ; but in any case it is 
foimd in Geococcyx and some other birds far away from the 
Stmthionet and the tinamous. A large number of vertebrae 
in the tail is reptilian ; but not only Archaeopteryx but also 
the swan has a long tail. Opisthocoelous vertebrae are 
found in the Alote, penguins, and gulls, not to mention the 
darters and parrots. 

As to the viscera, Huxley showed the close likeness be- 
tween the vakriouB membranes which divide the coelom and the 
corresponding membranes in the crocodile, and I endeavoured 
to show that the ostrich is not in these particulars more 
reptilian than many other birds. The partial persistence 

M 
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of the left aortic arch is an approach to the reptile ; but birds 
belonging to the most diverse orders have this arch left in 
varying degrees of perfection ; so that no stress can be laid 
upon this anatomical fact as a mark of low position. It has 
been pointed out that the StrutMonei are tmlike other birds 
in the absence of a S3rrinx ; and in the absence of this 
specially bird organ they approach so far to the lower 
forms. This is i|i|^in the first place, true of all the Stmthionet, 
for Rhm has, as has been pointed out, a syrinx fully as typical 
as that of most birds, while the American vultures and even 
the storks have pothing in the way of a specialised syrinx. 
In fact, without going into further detail, it ^ems impossible 
to select any existing group of bird which is distinctly more 
reptilian than any other. 

Since positive characters appear to fail us in discriminat- 
ing between the relative positions of the several groups of 
birds, it seems to be not unreasonable to turn for light to 
negative characters. Birds as birds have many peculiarities 
of organisation, which are impossible in other animals ; for 
example, patagial muscles cannot exist without a patagium 
to contain them. It may therefore be permissible to draw 
with caution some inferences from the absence or simplicity 
of certain peculiarly ornithic structures which, it appears 
obvious, must have originated within the class. The lower 
types will surely possess fewer of these essentially ornithic 
organs or modified organs. 

There is a general belief in the modified character of all 
the birds which Gakkod placed in his subclass Anomalogonata?. 
Nevertheless there is something to be said in favour of their 
primitive nature. Without absolutely urging the acceptance 
of this view, it may be useful to refer briefly to certain 
reasons which might be alleged in support of such a placing 
of the Pico-Passeres. Their small to moderate size is to 
some extent an argument. The most ancient mammalia 
and reptiles are small as compared with some of their later 
and more modified representatives. Universal distribution 
is another argument, as is possibly chiefly arboreal life. In 
anatomical structure we find that many essentially ornithic 
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characters have not yet put in an appearance, or have done 
so only to a small extent. There is no member of the 
group, wide though it is, in which there is an ambiens, a 
special bird muscle. It may be that Gabow’s discovery of 
a small independent slip of the rectus femoris, which he 
interprets as a rudimentary ambiens, is really the beginning 
of this characteristic muscle. The remarkable peculiarities 
of this muscle seem to forbid the notion that it is the direct 
descendant of anything reptilian. And we have the un- 
doubted fact that, apart from the possible rudiment already 
referred to, it is present in no pico-passerine bird. If it 
had disappeared in them there would be here and there a 
rudiment left. But nothing of the kind has been hinted by 
Garrod and Forbes, who between them dissected so many 
of these birds, and who would have been especially on the 
look-out for such a point. I should therefore be disposed 
to disagree at once wdth Garrob’s opinion that those birds 
which have lost the ambiens * may be set down as having 
possessed the muscle in their ancestral form.’ The ambiens 
is so purely a bird muscle, though it may doubtless have its 
homologue among reptiles, that one cannot but think that it 
was acquired within the class ; and the facts discovered by 
Mitchell (see above) entirely support this way of look- 
ing at the matter, and indeed suggested it. As to the 
^ muscular system of the wing, a highly characteristic muscle 
is the expansor secundariorum ; this was supposed for 
some time to be absent in the group under consideration, 
but it has been found to occur in some of them. In the 
majority of those in which it does occur its structure is 
decidedly more rudimentary than in some of the Homalogo- 
natsB. It is true that Furbringer regards this muscle as 
the abortive remnant of a reptilian muscle. But this state- 
ment cannot be made about the patagial muscles, which are 
essentially ornithic. 

Now it is noteworthy that, with the exception of the 
colies, not a single bird referable to the great group of Ano- 
malogonatsB has a biceps slip, while in the majority of them 
the tendon of the tensor brevis is exceedingly simple, being 
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without the niuneroas subdivisions so often observable in 
the same muscle in the (hypothetically) higher birds. Nor 
is there the patagial fan, the junction between the tendons 
of the longus and the brevis, a character, again, so frequent 
among the larger birds. The complications in this case 
seem to be much more likely an effect of specialisation than 
that the simple conditions observable in the picarian and 
other allied birds should be due to a process of degenera- 
tion. 

The simplicity and relative shortness of the gut is a 
matter which is perhaps of importance in this connection. 
The average relative length of the gut is much less on the 
whole in the Pico-Passerines than in any other group. There 
are, of course, some startling exceptions, but the general 
statement holds. As to the cseca, it must be confessed that 
they are as a role small or absent. But the Coraciidss and 
the Todidse are exceptions. The fact that both lobes of the 
liver are frequently in this group of birds enclosed in separate 
compartments, separated from the subomental space, seems 
to me to be a vestige of a condition such as that which is 
foimd in the crocodile. On the other hand certain of the 
organs of the body show great variety and specialisation ; 
particularly is this the case with the syrinx ; but to find 
most of the organs of the body in a primitive condition, 
while others are greatly speciahsed, is precisely what is so^ 
often found in what are believed to be archaic types. 

There can be no doubt that the Archaopteryx, far 
though it may have diverged from the ancestral stock, has 
retained more of the reptile than any other form known to 
us. One or two of the characters are shared by that large 
assemblage of • birds which has been termed the Auo- 
jaalogonatflB. 

In the 6rst place the structure of the foot of the Archao- 
pteryx is that found in passerine birds. That the primitive 
bird was arboreal seems likely, and it is not surprising to 
find that this mode of life has led to various specialisations 
in the foot, such as we find in the hombUls, &o. The 
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Archceopteryx has the smallest number of cervical vertebrsB 
of any bird (ten), a fact which recalls the nine vertebrae or so 
of the cervical region of lizards and crocodiles. Now, among 
other recent birds there are none which have a smaller 
number than that possessed by certain passerines. Fifteen 
is perhaps the average number of these vertebrae among 
birds ; but among passerines the low number of thirteen is 
to be met with. Nearly all the Anomalogonato are bolorhinal, 
as was the Archaopteryx. It is doubtful, however, whether 
this particular fact advances my argument, as there are 
reasons (see p. 144) for considering the schizorhinal arrange- 
ment to be the older, and for looking upon the holorhinal as 
a derivative. 

There remains for consideration the large assemblage of 
birds which, taken together, correspond to the Homalogonat«e 
of Gahrod. In a preliminary way we may regard, as I 
have pointed out above, four characters at any rate as 
primitive. 

These are the presence of basipterygoid processes, the 
possession of two carotid arteries and of the fifth cubital 
remex, and the simplicity of the intestinal coils. The only 
birds which have all of these are certain Galli and certain 
Torniofla. Allowing for the degeneration of the wing, the 
struthious birds may be referred to a nearly equally low 
^ place in the system. In many groups, however, we find a 
near approximation to this presumably primitive condition. 
Thus among the anserine birds PaUimedea is deficient only 
in the fifth remex. Among ‘ Gralla? ’ it is only the same 
character that is wanting in certain forms to complete the 
four requisite characters. And some pf them— e.g. Cariama, 
Psophia — have this elsewhere missing feather, though those 
particular forms have not some of the other characters. 
OpUthocomm, the cuckoos, and Musophagidsa are not far 
off from the base of the series, while the trogons, if they 
had both carotids, would be among the (hypothetically) 
lowest groups. The facts in question may be thus tabu- 
lated : — 
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Complex 

Sphenisci . 
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Steganopodes . 
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Herodiones 
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- 

Complex 
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- 
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Accipitres . 
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Tin^mi . 
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Tumices . 
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4- 

+ 
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Gain 
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4- 
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^ {Pod tea) 

Complex 

Gnies 
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Otides 
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Simple (some) 

Pterocletes 

2 
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- 
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Golumbe . 

2 
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Alc» 
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— 

- 

9 

Opisibocomi 

2 

- 

T 

Complex 

Coculi 

2 

— 


9 

MuBophagi 

2 


4 

Complex 

Struthiones 

2 or 1 

4 - 


Simple 

PKittaci , 
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Striges 

2 

4 - 


Simple 

Caprimulgi 

2 

4 or ~ 

- 

Simple 

Pico- P asset e$ . 

2 or 1 

~ or 4- 

4 or - 
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I have italicised in the above list those groups which 
come near to the supposed primitive condition ; and it will 
be observed that those groups which are italicised are enough 
to account for the ancestry of the rest. The main difficulty 
is perhaps presented by the Cncoli ; but it may well be that 
that group will ultimately prove to have a simple intestinal 
tract. It will be observed also that the groups in'question 
comprise representatives of all the five large divisions of 
existing birds admitted by Gadow, and of all the corre- 
spondingly large divisions of Furbringeb. Incidentally, 
therefore, I find myself in reassuring agreement with those 
authorities. In the systematic part of this work I have to 
some extent discussed the mutual affinities of these different 
groups. 
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Group ORNITHUR/E 
ANOM ALOGONATiB ' 

Definition , — Generally qninoubital. Ambiens and aooeasory femoro- 
oaudal always absent ; bleeps slip rarely present. Cerrioal 
▼ertebrn, 18-16. Atlas generally perforated by odontoid process. 
Skull holorbinal. 

This ^(roup of birds is equivalent to the similarly named 
group of Gaurod, with the sole addition of the Striges. The 
total absence of the ambiens, even of all traces of that muscle 
(see p. V)5), is to my mind a sufficient reason for bracketing 
together all these birds. I am of opinion that the ambiens 
is not degenerate in them, but that it has not yet appeared.^ 
It must be admitted that there are not many other charac- 
ters that run through the whole group. There are, never- 
theless, certain peculiarities of structure that are confined or 
nearly confined to this group. Thus, with the sole exception 
of the parrots, a forked manubrium sterni is a peculiarity of 
the Anomalogonat® ; so too, wnth the same exception, is the 
presence of a cucullaris propatagialis. Again, it is only here 
and in the parrots that the syrinx has so complicated a 
musculature. The very prevalent shortness of the intestine 
is a fact (not, it is true, without exceptions) not to be ignored 
in considering the claims of this group to existence. The 
feet are nearly always anisodactyle or zygodactyle, there 
being but few other birds not referable to this group in which 
that structure of foot is to be found ; and those groups will 
be treated of later as possible allies of the present. Powder- 
down patches are exceedingly rare in this group, and but 
few possess the expansor secundariorum. 

I allow nineteen separate families of this group (whose 
main characters are given in the table), of which some may 
be united more closely than others. 

* Bkrbohm, * All Attempt to diagnose the Pioo-Passedne Group of Birds,’ 
ibis, 1880, p. 29. 

* A case which appears t^ contradict this statement is dealt with on p. 168. 
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In the above table 1 have used twelve characters. The 
Picidee, Bhamphastidse, and Capitonidse agree in ten of these, 
and are undoubtedly nearly allied birds. The Bucconidee are 
unfortunately not well known, but of the nine characters 
which are set forth in the table they agree in eight with one 
or other of the three families just mentioned. 

The Coraciidse and Meropidae agree pretty well in all the 
characters except the exact arrangement of the deep flexor 
tendons, the carotids being variable. There will be but little 
violence done if these groups are associated. The Cypselidas 
and Trochilidae clearly come near together, agreeing as they 
do in nine of the selected characters. 

The Caprimulgidae on the one hand, and the owls on the 
other, each form a distinct group with no such near affinities 
to any of the others as those which we have been considering. 

The trogons are the only other group with basipterygoid 
processes; they do not, however, come very near to the 
Caprimulgidae or to the owls ; out of the selected twelve 
characters they have at least four in w'hich they totally 
differ from the first, and five in which they differ from the 
second. This group may be left as equivalent to the other 
compound groups already considered. 

The Todidse are placed by Gadow close to the motmots ; 
by Fohbes, on the other hand, they are widely separated. 
They agree with them in ten out of the twelve, showing 
thus, it appears to me, a considerable nearness. They agree 
equally closely with the Meropidae on the one hand and the 
Galbulidse on the other. These four groups appear to me to 
be worthy of association into one larger group. 

We have left the Bucerotidse, Upupides, Alcedinidse, and 
Coliidae. The kingfishers undoubtedly come near to all of 
these, in only at most four of the characters differing from 
any one of them ; but they are as near to the motmots and 
Bhamphastidse. They should form a group apart. 

The same may be said of the colies ; they are very near 
to the hombills and kingfishers, but equally near to the mot- 
mots and BhamphastidfiB ; we may therefore plaice them in a 
group apart. On the other hand the Bucerotidse come nearer 
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to the Upupidae than to any other groups except the colies 
and AJcedinidse ; we may therefore unite them. 

Finally as to the passerines. It is not possible to place 
them very definitely nearer to one than to another of the 
groups enumerated. They differ at the lowest in four 
characters from any. They are, perhaps, furthest away from 
the Bucerotidse ; the two groups, in fact, are typical members 
each of them of the piciform and passeriform birds of 
Garrod. Their leanings are perhaps to the Cypselidae and 
to the Pici. 

These conclusions may be tabulated as follows : — 

Group A . — Aftershaft present ; fifth reniex always present. 
Muscle formula, AXY. Expansor secuudariorum present. 
Desmognathous. Vomer present. 

This group contains the families Coraciidie, Meropidte, 
Todidae, Galbulida*, and Momotidie. 

By both Gadow and Furbringek the Galbulida* are 
placed nearer to the Bucconidae, and by inference to the Pici 
(Picidso, Bbamphastidas and Capitonida). They differ, how- 
ever, from these by the presence of the expansor secundario- 
rum, which is so rarely present among anonialogonatous 
birds that when present it seems to be of special importance. 
The most salient point of agreement between these latter 
birds is the form of the deep flexor tendons. But the 
Bucconidae are so little known that they may be found to 
differ more than is at present suspected from the Pici. In 
this case it may be desirable to separate both Galbulida^ and 
Bucconidae from the group with which I now associate them 
and place them nearer together. Of the group as at present 
constituted the Todidas have perhaps the most claims to be 
regarded as the most primitive forms. They have a feathered 
oil gland and long cseca, which two characters do not coincide 
in any other of the families now under consideration. 

The next group, that of the Pici, may be thus defined : — 

Group B . — Fifth remex always present ; deep flexor 
tendon of type VT, Expansor secuudariorum absent. 
Cucullaris propatagialis present. No caeca. Vomer 
present. 
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There are other peculiarities that unite these birds, which 
will be found mentioned on p. 183. 

The third group, containing the hornbills and hoopoes, 
may be thus defined : — 

Group C . — Oil gland feathered ; fifth remex present. 
Muscle formula, AXY. No expansor secundariorum. Caeca 
absent. Skull desmognathous. 

The colies are the only birds among the Anomalogonatae 
besides the Caprimulgidae w^hich possess the biceps slip ; there 
is a rudiment of this structure in Bucorvus, 

The remaining families are treated of separately and need 
not be defined here. 

This arrangement, nearly coincident with that of (xADOW, 
is widely different from that of Gakrod and Forbes. The 
former divided the birds (excl. Striges) into the three groups 
of Piciformes, Passeriformes, and C\ pseliformes. They were 
thus defined 

Piciformes , — Oil gland tufted ; ca^ca absent ; external 
branch of pectoral tract given off at commencement of breast. 
Muscle formula, (A)XY. Picidte, Capitonidie, Upupidae, 
Bucerotidas Coliida% AIcedinida% Momotida*. 

Passeriformes , — Oil gland nude ; ca^ca present ; pectoral 
tract simple or with external branch given off beyond middle 
of breast. Muscle formula, AX(Y). Passeres, Bucconida^ (?), 
Galbulida% Coraciida% Meropida^, Trogonida^. 

C iipseJiformes,—0'\\ gland nude ; caeca absent. Muscle 
formula, A. 

To these Forbes added a fourth group Todiformes, on 
account of its having at once ca^ca and a tufted oil gland. 
This latter group was regarded by hipj as most nearly repre- 
senting the ancestral anomalogonatous bird. 
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PASSERES 

Definition*— on gl«nd nude. Skull ngithognathoui. AtlM pexforeted 
by odontoid prooesa. One carotid, left. Ooaoa preaent, amall.' 
Huaole formula, AXY.’ Ho bioepa alip or expanaor aeounda- 
riorum. 

This is an enormous group of birds, numbering over 
6,000 species, which are spread over the entire globe. As a 
rule they are of small or moderate size ; but some large 
species, such as the raven and other Corvidas ai;e included 
in the assemblage. In spite of the numerous species and of 
a certain amount of differentiation in external form, the group 
is structurally a uniform one, the difference being in cha- 
racters which have not as a rule been regarded as of primary 
importance. 

In all Fasseres the foot has this structure : the first toe is 
directed backwards, and none of the other toes are ever 
changed in position. Cholornis is exceptional in that the 
fourth toe is abortive. 

Gakrob noted, some years since, another peculiar character 
of the group, which may possibly be universal, with the ex- 
ception of Memira and A trichia. This concerns the arrange- 
ment of the tendon of the patagialis brevis ; and the passerine 
disposition may be understood from a comparison of the two 
descriptions. In the passerine the tendon of the muscle 
does not end upon the tendon of the extensor, as it does 
in the picarian bird, but, though attached to it firmly, 
retains its independence and runs back to be attached near 
it to the extensor condyle of the radius. This difference, 
though small, appears to be constant to the Passerei. Another 
character dealt with on p. 41 of the present work may be 
also an exclusively passerine character. In birds belonging 
to the present family the oblique septa, instead of having a 
separate attachment to the sternum, are either not attached 

* In a specimen of Graeula mtennedia the o»ca were aa long as half an 
inch, an exceptional length. 

* Veiyrarely AX— . 
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at all, lying loosely over the liver, or have but one attach- 
ment, which they share with the falciform ligament. 

It is very general — but there are a few exceptions, which 
will be dealt with later — for the sternum to have a forked 
manubrium in front and a single pair of notches behind. 

The number of rectrices present among passerine birds 
varies. They are, indeed, completely absent in wrens of the 
genus Pnoepyga. Twelve is the usual number, but ten only 
occur in Xenicus, Phrenotrix, and Edolius, while Menura 
mperba has sixteen. The aftershaft is ‘ very weak and downy ’ 
when present, and is sometimes (e.g. Paradisea rubra) absent 
altogether. As to the pterylosis, we may take Ampelis 
cedrorum, recently described by Shukeldt,' as an example 
of passerine pterylosis, mentioning afterwards such varia- 
tions from this type as are met with. In the bird in question 
the dorsal tract is exceedingly narrow from the origin in the 
fairly continuous feathering of the head down to a point in 
the pelvic region, where it is greatly dilated to form a 
diamond-shaped area ; this again contracts to the original 
dimensions, and the tract concludes a httle way in front of 
the base of the oil gland. From the lateral angles of the 
diamond-shaped area a tract runs to the feathering of the 
legs. On either side of the oil gland arises a short tract, 
which does not leave the trunk, but appears to be the hinder 
part of the femoral tract of some other birds. It is perhaps 
noteworthy that it is very similar to the corresponding one 
of the Bucconidae and Capitonidse, also, however, of the 
kingfishers. 

The ventral tract divides early on the neck, and on the 
breast is increased in breadth, the ^uter rows of feathers 
being much stronger than the inner set ; the latter (not the 
former) are continued down to the cloacal orifice, which 
they completely surround by a narrowish band of feathers. 
The humeral tracts, which are strong, are connected with 
the head feathering by a special neck band as wide as the 
dorsal tract. Nitzsch does not £gure this connection or 
that of the diamond-shaped dorsal area of feathers with the 
* In a paper dealing with Maorochires in J» Linn. Soc* vol. xx. 
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femoral feathering ; but apart from this the same type of 
pterylosis occurs in many types, such as Motacilla, Certhia, 
Oriolus, &c. The principal variation is offered by those 
passerines in which the spinal widened area is not solid, but 
encloses a space. 

We find this in Coracina ccphaloptera and Seleucides, 
In others (e.g. Eurylamus) there is the same ephippial space 
within the dorsal tract, but the posterior sides of the diamond- 
shaped space are formed by a single row of feathers, which 
contrast with the mass of feathers which fonn the antero- 
lateral boundaries of the space. This arrangement culmi- 
nates in, for example, Hirundo and Diphyllodes, where the 
dorsal tract forks, and there is no connection between the 
ends of the fork and the single posterior part of the spinal 
tract. ‘ 

The skull of Passeres has been mainly investigated by 
Pakker and by Shufeldt.^ Cori^us may be taken as a 
type, and the divergences therefrom noted later. As are all 
passerines, it is aegithognathous ; the maxillo-palatines extend 
obliquely outwards and backwards ; they approach each 
other in the middle line, and expand over the vomer. The 
vomer is broad and bifurcate both anteriorly and posteriorly ; 
from the anterior horns a small separate piece of bone goes 

’ For passerine pterylosis, see, in addition to Nitzsch, Giebel, ‘ On IHeiy- 
losis of Paradisea," Zeitschr, f. d. ges. Natunv, xlix. p. 143, and for PhilejtiUa 
ibid, p. 490; Shukeldt has described Chamcm^ Joum. Morph, iii. 18H9, p. 
475; Hellmakb, * Beitrag zur Ptilographie u. Anatomie der Hinmdo rus/ica,* 

J, f , O , iv. 1856, p. 860 ; Oadow, * Remarks on the Structure of Certain Hawaian 
Birds,’ in WiiiSOB and Evans’s Aves Hawaiemcs, ii. Sept. 1891. 

^ For osteology of PasserM see Parker, * On the Structure and Development 
of the Crow’s Skull,’ Month. Micr. Joum, 1872, p, 217 ; ‘ On the Development 
of the Skull in the Tit and Sparrow Hawk,’ ibid, 1878, pp. 6, 45 ; * On the 
Development of the Skull in the Genas Turdvs' ibid, 1878, p. 102 ; • On 
.EgiUiognathons Birds,’ Trans. Zool Hoc. ix. p. 289, x, p. 261 ; Murik, * On 
the Skeleton and Lineage of Fregilupus* P. Z, 8, 1874, p. 474. Lucah, 

* Notes on the Oat49ology of the Thrushes,’ <fec., P. U. 8, Nat. Mus, xi. 1888, p, 
178. 

Shwelot. * Osteology of Eremophila* Bull U. S. Oeol. Surv, vi. p. 119 ; 

* Osteology of Lanius,' ibid. p. 851 ; * On the Skeleton in the Genus Star 
mOa; Ac., /. Anal, Phps. xxii. p. 809 ; * Osteology of Habia Auk,* v. p. 488 ; 

* Osteologioal Notes on Puffins and Ravens,* ibid. p. 828 ; Girbel, * Zur Osteo- 
logie d. Gattung Oeyptmu,* Zeitschr. f, d. gu. N<Uum. zxi. p. 140. 
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on each side to the maxillo-palatines. These are the septo- 
rnaxillaries of Parker, and appear to remain perfectly dis- 
tinct in Corvus oornix, but not in Corvm frugilegus. There 
are no basipterygoid processes ; the pterygoids have a long 
foot-like attachment (as long as the free part of the bone) 
not only to the palatines, but to the interorbital septum also. 
The nares are holorhinal and pervious. In Corvus cornix 
the lacrymals reach the jugal bar; there is practically no 
orbital portion, the descending limb being closely attached 
to, but not fused with, the broad and thick ectethmoid. The 
mandibular rami have a large oval perforation near to the 
articular surface. 

Among genera nearly related to the Corvidae are various 
slight modifications of skull structure. In Manucodia , for 
instance, the rostrum is broadly ossified and fused with the 
co-ossified palatal plates of the maxillae. The nasal septum 
is complete, and the conjoined ectethmoids and lacrymals 
are enormously swollen. In FtUonorhynchus violaceus the 
ectethmoids and lacrymals are separate, though in contact ; 
contrary to what is found in Corvus, it is the latter and not 
the former which border the orbit above. The palatal con- 
ditions of Manucodin are repeated and emphasised in Gym- 
uorhina and Strepera, There is a firm union across the 
middle line in front of the vomer, with which, indeed, the 
anterior horns of the vomer are ossified in Strepera, In both 
birds, moreover, the pterjgoids are fused with the pala- 
tines, and the nostrils are partly obliterated by bony grow th. 

The * desmognathism ’ thus produced in the crows of 
‘ Notogjea ' is not limited to that family. In Pheucticus 
and in Cracticus cassicus there is th^ same state of affairs. 
Other features in which the passerine skull shows variations 
are the maxillo-palatines, vomer, and pterygoids ; in Gracula 
javanensis, for example, the pterygoid has a very limited area 
of articulation with the palatine ; there is no expanded foot, 
as in crowds, &c. ; the maxillo-palatines are very long and 
slender, actually reaching the inner plate of the palatines. 
The vomer is narrow in the body, though the two anterior 
‘ cornua ’ are thick. Trochalopteron is almost desmognathous 
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in ihe sense of Huxley ; the two maxillo-palatines, dilated 
at their ends, come absolutely into contact under the vomer, 
the middle part of which they completely cover. In Guis- 
ctUus versicolor the same arrangement occurs, the maxillo- 
palatines being extraordinarily slender before they dilate to 
overlap each other and to cover the vomer. 

As to the rest of the skeleton, CorvuUur albicollis may 
serve as a type. There are fourteen cervical vertebra ; un- 
impaired hypapophyses extend from the tenth to the first 
dorsal. Five ribs reach the sterniun, to the keel of which 
the furcula is joined. 

The most salient variations from this plan are shown by 
many genera in which the furcula does not join the keel of 
the sternum, by Corcorax, in which six ribs articulate with 
the sternum, and above all by Gymnorhina, where there is 
a catapophysial canal, beginning with the seventh and 
ending with the tenth vertebra. In this and other forms 
the hypapophyses of the last cervical and the first dorsal 
vertebras are reinforced by strong lateral catapophyses. 

In the table on the opposite page are some intestinal 
measurements in inches. The most noteworthy fact m the 
anatomy of the alimentary tract is the absence of the gizzard 
in certain tanagers.' 

In almost all Passeres ^ the flexor hallucis is absolutely 
independent of the flexor communis, there being no vinculum 
at all. 

These characters are— adding to them those used in the 
diagnosis of the family — the only ones that are universal, or 
nearly so, among the Paoeret. There are, however, a number 
of anatomical features in which the passerines show differ- 
ences among themselves. The most abnormal Pataeres on 

* Cf. *Oii the Btracture of the Btonmch in certain Genera of 

Tanagers,’ P. Z, S. 1890, p« 14% who quotes Lunh’m earlier (18^) paper on the 
same matter, 

* For myology of passerines see, in addition to GAJuion, Kukmic, *Zor 
Mnsknlattir der Baben,’ Zeitschr, /. d, gen, Naturw. xxiii. p. 107 ; SnonciiDV, 
Hu Anatomy of the Baven, London, 1800 ; C. L. NrrzficH» * Ueber die FamiHe 
(L Paeserinen,’ Zeit$chr. f. d. get, Nat, xhu p. 880 ; 0. B. UuncR, * Znt 
Characteristik d, Mnsknlatur d. Passerinen,* ibid, xlr. p, 08. 
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Mjiophoneus Horsfieldi 
Geocichla oitrina 
Nesooiohla eremita 
Rimator malaooptiluB . 
CraotlouB casBioue 
Pastor roBeuB 

Seleuoides nigra . 

Manucodia atra . 

Uranomis rubra . 

EntomyKa cyanoiis 
Oarrulax albogularis 
Cyanooorax cyanopogon 
CisBopis leveriana 
Struthidea oinerea 
Hirundo rustica . 

Anthomis melanura 
Htrepera graculina 
Barita destructor . 

Tanagra sayaca 

festiva . 

Ptilonorhynchus holosericeiis 

Gracula javanensis 
Oymnorhina leuconota 
CorvuB corone 
Ampelis gamiluB . 


8. I. 1 

L. I. 

Caeca 

29 1 

'9 

•2 

9 ‘ 

*5 

•1 

15 

•8 

*4 

61 

*5 

— 

10-2 

1*2 

•2 

18*75 

1 

*2 

14*86 

1-3 i 

•4) 

•5f 

14*16 

1 i 

•3 

16*2 

1*3 ' 

•3 

12 

1 

•25 

13 

1*2 

•1 

13 

•5 

•25 

10 

— 

•25 


1 

*2 

6*25 

•75 

•6 

6*25 

75 

•12 

20 


*6 

13 

— 

•15 

8 

*5 

•12 

6*5 

— 

— 

10*25 

•75 

*25 

10*6 

1-25 

•5 (F.) 

23 

1*5 

•25 

22 

1*5 

•4 

29*76 

2*5 

•5 

7 

*5 

*2 


the whole are the broad-bills Eurylaemidae and the Australian 
Memtra and Atrichia, which form a sub-family, Menuridse. 
There are differences of opinion as to which of these is most 
independent of the normal Faswres. Fuebringer separates 
^the Menuridae, Garrod and Forbes ' the EuxylaemidaB. We 
should explain that in first of all discussing this particular 
point we are not proceeding in historical sequence. It was 
the syrinx that first of all attracted the attention of Johannes 
MiTLLER, whose divisions of the Faaaeres were the earliest to 
}>e based upon anatomical structure ; and in the sequel we 
shall show that his divisions are in the main correct, even 
allowing for our greatly extended knowledge. It is, however, 
in our opinion, beyond cavil that the major subdivisions of 

* Gariiod'b oontributioQS to our knowledge of passerine birds are as 
follows ; * On some Anatomical Peculiarities which bear upon the Major 
Divisions of the Passerine Birds,* i. P. Z, S, 1876, p. 606; ‘Notes on the 
Anatomy of Passerine Birds,’ iU P. Z, 8. 1877, p. 447 ; iii. ibid. p. 628 ; iv. 
ibid. 1878, p. 148. The following papers are due to Forbsb : ‘ Contribotions 
to the Anatomy of Passerine Birds,’ i.~vi. P. Z. S. 1880-2. 
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the group first concern one of the two views that we have 
referred to above. The reasons which lead us to agree with 
Garkod and Forbes’s separation of a group Desmodactyli, 
as opposed to the remaining Passeres, which are to be so- 
called Eleutherodactyli, are as follows : The Menuridae 
(Pseudoscines of Sclater and Furbringer) are clearly in 
some respects degenerate forms. The clavicle has become 
rudimentary, and the muscles of the syrinx, while approach- 
ing the typical oscinine form, where these muscles are 
numerous and strong, have become to some degree weakened 
by loss. 

On the other hand the Eur}’laBmida>, while they have 
retained the typical mesomyodian syrinx — typical, because it 



Fio. 85.— Syrinx or KuryUetnus. Fio. 88 . -Syrinx or Cymbi- 
Front View, (After Forbkh.) rhjfnchus, SiokVikw. (ArxEB 

Fobbkh.) 

I 

is distinctive of the vast majority of birds— have retained the 
plantar vinculum,' which in other passerines has been lost ; 
they have also a simple manubrium stcmi, this appendage 
being forked in other passerines. In the feet too the third 
and fourth toes are largely bound together, giving to the 
group the name of desmodactyli. 

The family Eurylaemidae * contains the genera Eurylccmus, 
Calyptomena, Serilopha, Psarisomus, Corydon, and Cymbi- 
rhynchiis, all Old-World. They have no aftershaft, and the 
oil gland is, of course, nude. There are twelve rectrices in 

' Occasionally absent in Cal^tomena viridi$. 

* FoBiias, ‘ On the Syrinx and other Points in the Anatomy of the Enryla- 
mid»,’ P. Z. 8. 18S0, n. 880. 
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Cymbirhynchus, There is a wide ephippial space, elongated 
and oval in form ; the narrower parts of the tract behind 
are two feathers wide. 

The tongue (of Cymbirhynchus) is bifid at tip and 
elongated and cordate. 

The following are intestinal measurements of two species ; 

rymblrliynchu* Eurjiamus 

macrorUyiichua achnunelua 

Small int. . . 7*75 5*75 


Large int. 

. l- 2 r, 

•75 

Cteca 

•1 

•05 

Left liver lobe is the smallest. 


The following scheme gives the classification of 

Passeres according to 

Garrop and Forbes : 

: — 

-- 

New World 

(»M World 

I. Dk8MoI>ACTYU 


Eurylffimid® 

II. Elkutheiu»i>actyu 

A. Mesomyodi 

a. Heteromeri 

Piprid® 

(Dotingid® 


b. Homupomeri 

Haploophono} 

Tyrannid® 

Pittid® 

{Iiupkol<i) 

Philepittid® 

Xenicid® 

Tracheophon® 

Pendrocolaptid® 

Fumariid® 

Pteroptochid® 


B. Acromyodi 


Ahuonnales. 

Atrichiid® 

• 


Mermrid® 
Konnoks 
( - Oscines) 


Of the remaining Passeres the Metomyodi (also sometimes 
called Oligomyodi) are divided into two s\j^bdi visions, according 
as to whether the chief artery of the leg is the femoral or 
sciatic. In the Heteromeri (with the exception of Bupicola) 
it is the femoral, in the others (HomoBomeri) the sciatic. All the 
Mesomyodi have but one pair of muscles upon the syrinx or 
none at all. But the name of Mesomyodi is derived from the 
fact that these intrinsic muscles are attached to the middle 
of the bronchial semi-ring which bears them. The Haploo- 
phoM are those mesomyodians in which the syrinx is quite 
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of the normal fashion ; the Traobephonn are those in which 
the last rings of the trachea are much modified, and the 
syrinx may be termed tracheal. 

The Mesomyodi with a tracheobronchial syrinx comprise 
representatives from both the Old and the New Worlds. In 
them the syrinx presents a varied form, coupled with the fun- 
damental resemblance indicated. Johannes Muller has 
figured and described a number of genera. Gakrod has 
figured and described others. In Lipaugus cineraceus (of 
the family Cotingid®) the intrinsic muscle is of great width, 
which seems to foreshadow its division in the Oscines intoa 
complex of muscles ; it is attached to the third bronchial 
semi-ring. 

The first and second bronchial semi-rings resemble the 
tracheal in their flatness, depth, and close approximation. 
Those which follow are slightly ossified throughout. In 
Heteropelma and Chiromachterix, which are Piprida', the 
syrinx is very similar. In Pipra leucocillu the intrinsic 
muscle has a tendency to split into two, a further approxima- 
tion to the Oscines. In Hadrostomus aglaia, a cotingid, the 
wide and thin intrinsic muscle is attached to the first bron- 
chial semi-ring. This semi-ring is close to the last tracheal 
ring, and is like it in structure, being deep. The next 
bronchial semi-ring is separated by a considerable interval, 
and the third by a wider interval still, from the ring in 
front. 

In the Madagascar Philepitta, which Forbes ' was the 
first to refer definitely to the present group of passerines, the 
structure in some respects recalls that of the Eurylsemido^. 
The manubrium stemi is but slightly bifid ; but it has in 
the normal passerines no vinculum. The syrinx, on the 
other hand, differs from the Old-World Mesomyodi by the 
details 6f its structure (see figs. 87, 88). The different arching 
of the bronchial semi-rings leaves great membranons spaces 
in the wall of the syrinx. The first two semi-rings are very 
concave upwards ; the two following are not so markedly 
concave ; the next is concave in the revmrse direction. The 

' * On some Points in tbe Htructnre of PhiUjjitta^' P* Z H. 1S80, p. 887* 
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intrinsic muscles are wide and thin, nearly in contact with 
each other before, and behind they are attached to the first 
semi-rings everywhere but at their tips. Pitta has a much 
simpler syrinx, approximating so far to that of the Eurylas- 
midas ; the muscles are thin and accurately median in inser- 
tion. Pitta is unique among passerine birds by reason of 
the deep temporal fossae of the skull, which nearly meet 



Flo. 87. — Syrikx ok J'hilepitta. Fio. 88. — Svbisx of PhiUpitta. 

Side View. (After Foiider.) Front View. (After Forbes.) 

behind, in a way that is seen in son;e other birds not 
passerine. 

In the New Zealand .Yen?c«.<f and Acanthisitta' there are 



Flo. 89.— Stbinx of Xenicus. A. Front View. B. Back View. 

(After Forbes.) * ’ > 

only ten rectrices, twelve being the number characteristic of 
the majority of the Paneres. The syrinx of Xcnicus as seen 
in the annexed figure is quite typically mesomyodian. The 
last few tracheal rings are consolidated into a large box, to 
the top of which the intrinsic muscles (small and median in 
insertion) are attached. 

' Forbbb, ‘ On XmtttM and Acanthisitta,' Ac., P. Z. S. 1882, p. 569. 
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We now come to the Tracheophonae, which are exclu- 
sively American in range. Their distinguishing mark is, of 
course, the tracheal syrinx, whose general structure has 
been already explained (see p. 07). Besides these general 
agreements the Tracheophonie show variations in structure. 
Heterocnemis, for instance, is unique among them and 
the Mesomyodi in general by the existence of a bilaminate 
tarsus, as in the Oscines. Conojmphaga and a few others ’ 
have a four-notched sternum, while Furnarim, Synal- 
laxis, and a few' others have, as has no other passerine, 
a schizorhinal skull. Again, the maxillo-palatine of the 
Dendrocolaptidae, Furuariida\ and Pteroptochidae are like 
those of oscinine Passeres in lieing slender and curved back- 
wards, instead of being comparatively wide and blunt, as in 
other Mesomj’odi. Phytotuma is unique among passerine 
birds for the nasal gland groove on the frontal bones, as in so 
many water birds.* 

The remaining group of Passeres, the Aoromyodi, are 
sometimes called Otcinet and sometimes Polymyodi, the latter 
term having reference to the numerous intrinsic muscles of 
the syrinx. It was discovered by Keysehlixg and Bl-Ysius 
that, wdth the exception of the Alaudida^, the Owines have a 
bilaminate tarsus, the hinder surface being covered by two 
closely apposed scutes. It sometimes happens (in the forms 
which are on that account spoken of as ' booted ’) that th« 
anterior face of the tarsus is covered by a single scute. The 
syrinx of these birds is complex in the multitude of its 
muscles, of which there are four or five pairs. The only 
exception to the muscle formula AXY — exists in this group ; 
in Dicrurus there is the reduced formula of AX — . Ocypterus, 
the only passerine w'ith powder down, is referable here. 
Beferable to this group, but separated from the more normal 
members as ‘ Abnormalei ’ by Gabrdd, are the two genera 
Atrichia and Menura, which are also regarded as the types 
of separate families. These two anomalous birds are by 

■ FoBBni, ‘ On some Points in the Anatomy of the Oenni C<m^pophag«,' Ae., 
P. Z. 8. 1881, p. 485. 

* Pabub, JEgithognathou$ Bird$, iL p. 368. 
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some systematists placed in a group Pteudosoinei, equivalent 
to the remaining Passeres. 

The anatomy of the two genera has been mainly investi- 
gated by Garrod, who studied principally the syrinx. They 
are purely Australian in range. According to Furbringer 
this group of passerines is in many respects intermediate 
between the other passerines and the Pici. With the latter 
group Menura probably and Atrichia certainly agree in the 
following myological points : the origin of the rhomboideus 
profundus from the pel\4s ; in the tendon of insertion of the 
Bupra-coracoideus upon the shoulder joint ; in the origin of 
the latissimus dorso-cutaneus from the ilium and its covering 
by the leg musculature. Garrod also called attention to 
the fact that the patagialis brevis was picine and not passerine. 

The syrinx of Menura^ has three pairs of intrinsic mus- 
cles, which are inserted respectively into the last tracheal 
ring and on to the second and third bronchial semi-rings. 
There ai-e three modified bronchial semi-rings. So too in 
Atrichia^ where, however, there are but two pairs of syringeal 
muscles, as shown in the figure. 

The clavicles are rudimentary in Atrichia \ there is no 
hypocleidium in Menura, another picine character. Menura 
has, furthermore, a chain of three supra-orbital bones. 

PICI 

Feet sygodaotyle; aftereliaft small or rudimentary; 
oil gland tufted. Muscle formula of leg, AXT (AJL) ; QaU 
bladder elongated. SkuU without basipterygoid prooesses. 

The woodpeckers, which form tijie .first family of the 
assemblage, Pioidse,* are a well-marked group of birds, contain- 
ing about three hundred and fifty species, as allowed by the 
late Mr. Haegitt.* They inhabit most parts of the world, 
excluding only Madagascar, Australia, and Polynesia. 

‘ For passerine syrinx see Joh. in Abh. Berlin, Akad,^ 1845 ; Herrb, 

DiasertaHo de Avium PoMermarum Larynge BronckiaU, Gryphiee, 1859 ; and 
Qariu)i> and Forbks in papers already quoted. 

* W. Mab8Bau«, Die Spechte. Iieipzig, 1889. 

• Brit Afua. Catalogue, vol xvtii. 
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Twelve rectrices is the rule for this family, but the outer 
ones are sometimes feeble, and I found only ten in Tiga 
Shorei. The aftershaft is present. The pterylosis varies 
somewhat. But N itzsch has pointed out that this ‘ peculiarity 
. . . which occurs almost universally among them, is the 
presence of a small inner humeral tract running along upon 
the most elevated points of the shoulder parallel to the 
very broad main tract.’ That this second humeral tract also 
occurs among parrots may be a matter worthy of considera- 
tion. It appears, at any rate, to distinguish the woodpeckers 
from other picarian birds. 

In Picus viridis the narrow dorsal tract passes down the 
middle of the neck and ends abruptly at the end of the 
scapulse or a little before. Behind this are two oval wide 
patches, which correspond to the foot of the Y in other 
birds, which have a dorsal median apterion. There is a 
break between these patches and the posterior end of the 
dorsal tract, which runs to the base of the oil gland undivided. 
On either side of this and of the oil gland is a fainter and 
narrower tract. In Tiga Shorei there is no break between 
the several regions of the dorsal tract ; the anterior part 
narrows and forks into two branches, consisting of but one 
row of feathers, which immediately after dilate into the wide 
interscapular tracts ; from the lower angle of each of these 
a single row of feathers joins the median posterior part of ^ 
tract. The diamond-shaped spinal apterion is thus com- 
pletely enclosed within the dorsal tract. 

Sphyrapicus nuchalis ' has a solid spinal tract dilating 
between the shoulders into a rhomboidal but still solid area, 
as Shufeldt says, like a passerine. 

In Centurm striatus the arrangement is more like that 
of Picus viridis, but slight scattered feathering unites the 
middle and posterior portions of the dorsal tract. 

The ventral tracts of Picus divide early in the neck and 
at the commencement of the pectoral region ; each gives off a 
stronger outer branch. In Tiga Shorei the separation between 
these branches is not nearly sp marked as is shown in 

‘ ‘ ObMrvatioDS on the Ftetyloeii of Certain PioidM,’ Auk, ISS8, p. 212. 
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Nitzsch’s figure of Ficus viridis. This woodpecker is so 
far much more like a parrot. 

In Jynx the interior part of the dorsal tract forms a 
continuous Y, of which the fork is hardly wider than the 
handle. This is completely eZi^continuous with the median 
posterior portion of the tract. 

The tensores patagii ' are very simple. The tendon is 
single. There is a conspicuous cucullaris patagialis, but 
no biceps slip. Each tendon, both longus and brevis, is 
reinforced by a tendon from the pectoralis. In Centurus 
striatiiH the slip to the longus is muscular in origin ; it 
seems to be more usually tendinous. 

The deltoid is an extensive muscle. 

The latissimus dor si posterior appears to be totally absent, 
as in Indicator. 

As to the leg muscles, the accessory femoro-caudal is 
always absent. The fefnoro-caudal and the seinitendinosus 
are always present ; the accessory to the latter may or may 
not be present, its occurrence in different genera being 
shown in the following list: — 

With ail Acceamiry S<>iuitendiuo«u« Witlioiit an Acceasorj' iSemiteudinotiiia 

Gecinus viridis Ficus major 

Gecinus vittatus Ficus minor 

Lcuconerpcs Candidas Ficoides tridactylus 

Melanerpes formicivorus Sphyrapicus varius 

Ch loronerpes yuca ta ncnsis 

M uUeripicus ftilvus 

Hypoxanthus Bholii 

Jytuc torquilla 

Dryocopus martins 

Ficolaptes affinis 

Tiga Shorei 

Tiga javensis 

Century^ striatus 

Melanerpes erythrocepha- | 

Ion 

Colaptes mexicatwides | 

* Nitk8CH-Gik»bl, * Zur Anatomie der Spechte/ ZeiUehr. f. d. ges. Nahirw. 
xxfli. (1866), p. 477. 
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The deep flexor tendons are like those of toucans and 
barbets (cf. p. 101). 

The tongue * is elongated, and so are the ceratohyals in 
relation to it, overlapping and grooving the skull. As a rule 
among the woodpeckers the right lobe of the liver is larger 
than the left ; they are equal in Xypoxantkus Rivolii, The 
gait bladder appears to be absent in Leuconerpes Candidas 
and in Xypoxanthus ; it is long and intestiniform (like that of 
a toucan) in Gecinus viridis, Dryocopus niartius, and Jynx, 

The intestines are without ca?ca ; the following are some 
measurements : — 

Chloronerpes yucatanensis . . • inches 

Picas minor . . . .12 ,, 

Xypoxanthus Rivolii .12 ,, 

Dryocopus mar tins . .20 

The syrinx has no remarkable characters. It is quite 
typically tracheo-bronchial with a pair of extrinsic and 
a pair of intrinsic muscles. 

As to the skully the woodpeckers have an unusual palatal 
structure, which led Parkek^ to invent the term Sauro- 
gnathous in order to express this peculiarity. The palate oi 
the woodpecker has, however, been variously interpreted. 
Professor Huxley, in his paper on the bird's skull, directed 
attention to an apparent vacuolation of the palatines, which 
is illustrated in the accompanying figure (fig. 90) ; a slender * 
bar of bone passes backwards and comes into near relations 
with an equally slender projection forwards of the jmlatine 
bone, thus enclosing a space which in the fresh skull is filled 
with membrane. The anterior process in the dried skull 
is sometimes continuous (fig. 90), but sometimes not con- 
tinuous with the ascending lamina of the palatine. Where 
it is not continuous Professor Huxley found that its appa- 

* J. Lzkpahl, * Some New Points in the Constrqotion of the Tongue of Wood • 
peckers/ Am* Nat. 1879, p. 48. 

* Exceptionally present in Qednus viridis. 

’ * On the Morphology of the Skull in the Woodpeckers,^ drc., Tr. Linn. 8oe. 
(2), L 1875, p. 1. See also Kbsslkb, * Zur Katurgeschiohte der Speohte,' Bull. 
8oc. Nat. Mo$c. 1844, p. 285. 
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rent continuation was a separate bone, which he regarded 
as the vomer — the vomers thus being paired. 

A few years later a different complexion was given to the 
subject by a paper written by Professor Garrod.* He con- 
firmed Huxley’s description of the supposed vomers, but 
regarded them merely as the perfectly ossified edge of the 
imperfectly ossified palatines. This opinion was chiefly 
based upon the discovery of a small median bone lying 
between the posterior ends of the palatines {x, fig. 90), not 
observed by Hi xley. This bone, identified by Garrod 
with the vomer of other birds, occupies, 
as he admits, a somewhat posterior posi- 
tion, w’hich is parallel, however, as he also 
points out, at any rate in Megalceina,^ 

Parker’s paper upon these birds is a 
long and elaborate one, but contains no 
reference to that of Garroo. The bone 
discovered by Garrod is figured and de- 
scribed as the medio-palatine, and is in- 
variably figured as distinct from the 
palatines, betw^een which it lies. Parker 
adopts Huxley’s identification of the 
vomers, but finds that they are often 
divisible each into several splints of bone ; 
the comiection with the palatineti in front 
and a median series of bonelets (collectively 
termed by Huxley the ossified internasal 
septum) are spoken of as septo-maxil- 
laries. It may be sometimes noticed — I 
have observed it in Lenamerpvs caMidus- 
ends of the pterygoids, which in the Pici run for a consider- 
able way over the outside of the palatines, come into aotual 
contact with the commencement of the vomers.* 

Another peculiarity of the woodpecker’s skull is the fre- 


Pt - 



Fig. 90.— Skull of 
WtH>DPECKKH (Gcfi- 
nus viridis ). Ven- 
tral View. {After 
Garrod.) 

/*/, palatines ; ptery- 
goicls ; r, xtiiuer. 

-that the anterior 


* ‘Note on some of the Cranial Peculiarities of the Woodpeckers,’ 
1872, p. 857. 

* See under * Capitonidte,’ p. 196. 

* SR{7riLr>T also (‘On the Question of Saurognathism of the Pid,’ 
P. 8 . 1891, p. 122) argues against Huxlkv’s view. 
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quently Y-shfiped form of the pterygoids. An outer 
forwardly directed process is given off near to their articula- 
tion with the quadrate. The extraordinary hyoid connected 
with the long and exsertile tongue is, of course, a marked 
feature of the group. The long distal piece of the bran- 
chials curves over and furrows the cranium of those species 
in which it exists. 

In the wryneck (/j/wa*) the vomers are small, but 
thoroughly ‘ picine.’ The pterygoids have, however, no 
forwardly directed process, and do not extend quite so far 
over the palatines. 

There are fourteen cervical vertehrce. Htemapophyses 
do not extend behind the first dorsal. There is a complete 
canal for the carotids formed in the cervical region by the 
haemapophyses. Four vertebrae enter into the formation of 
this in Thriponax Feddeni} The sternum has two notches on 
either side, and has the spina exterior only, which is bifid. 
Four ribs reach it. The clavicles form a U-shaped furcula, 
but are expanded above, as in the toucans and barbets. 

The Bnoeonidea is a South American family of zygodac- 
tyle birds whose anatomy is at present but little known, and 
whose affinities are therefore doubtful. It is only provi- 
sionally that I place them in the present position. 

Bucco maculatiis has a nude oil gland and twelve rect rices. 
The inferior feather tract starts from the symphysis, leaving 
a bare space on either side ; it divides at the angle of the 
jaw, and thence the two halves remain separate. Each of 
them gives off a stout outer pectoral branch. The dorsal 
tract is in two quite separate parts, separated by a good 
space ; the posterior part is forked for half its length, 
tapering anteriorly to a point. 

In Monasa panamensis each part of the posterior fork 

‘ This character k nearly unique among anomalogonatous birds. I 
describe it, however, above (p. 176) in Gymnorhina. The nearest possible ally 
in which it occurs is a parrot. 

* GtEBEL, * Zur Osteologie der Gattung Monasa^' ZeiUchr. /. d. ges. Naturw. 
xviii. 1861, p. 121. 
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is connected with the anterior part of the dorsal tract by a 
single row of very small downy feathers. 

In Malacoptila fusca ‘ the oil gland has a few fine hairs 
at the apex * (Nitzsch). The after shaft is absent. 

The tongue of Bucco maculatus is long, flat, and thin ; the 
tip is not lacerated ; the base is spiny. 

The muscle formula of the leg is given as AXY — . Two 
carotids are stated to be present. 

The deep flexor tetidoyis are like those of the Capitonidae. 
The flexor hallucis supplies digits I., II., IV. The flexor 
profundus supplies only digit III. The two where they 
cross are connected by a small vinculum. 

Monasa nigrifrons has fourteen cervical vertehrce. The 
atlas is perforated for the odontoid process. The eighth 
vertebra has two catapophyses, which come into contact at 
their bases in the middle line ; on the ninth is the first 
median hypapophysis ; these continue to the first dorsal ; 
on the thirteenth cervical are large catapophyses, which are 
present, but much smaller, on the hypapophysis of the next 
vertebra. There are only three free dorsals, all of which 
bear ribs reaching the deeply two-notched sternum, which 
has a long spina externa. 

The clavicles are expanded into a wide, thin, roughly 
triangular plate at their attachment to coracoids ; there is a 
thin but broadish hypocleidium where they meet below. 

The skull is desmognathous, and in front of the conjoined 
maxillo-palatines is a gap of about half an inch in length 
in the bony palate. The process of the squamosal very 
nearly reaches the jugal bar. The lacrymal completely 
reaches the jugal bar in front, and the descending process is 
in contact, but not fused, with the strong and swollen 
ectethmoids. The interorbital septum is quite complete, as 
is the intranarial. 

The SliamphastidfiB (toucans), with their large bills, 
serrate slightly at the edge, bear a certain superficial resem- 
blance to the hombills, with which, however, they have no 
specially intimate connection. They are, on the other hand, 
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undoubtedly nearly related to the CapitonidsB, and show 
slighter but still recognisable points of affinity with the 
Passeres. The toucans, which are purely tropical American, 
consist, perhaps, of only one well-marked genus, Bhamphas- 
toSy which, however, has been subdivided into Pteroglossus, 
AulacorhaniphiiSy Selenideray and some others. The toucans 
have a tufted oil gland, an aftershaft, and ten rectrices. 

The pterylosis (cf , Nitzsch) is characterised by the wide 
lateral neck spaces. 

The dorsal tract does not divide on the neck, nor is it as 
a rule * continuous throughout. There is a break between the 
straight anterior portion and the Y-shaped posterior portion. 
The ventral tract divides in the middle of the neck, and 
there is a strongly marked outer branch to the pectoral 
tracts. The femoral tract does not, according to my own 
experience, arise so early from the spinal tract as Nitzsch 
figures. 

The intestinal tract of the toucans is short but volumi- 
nous, eighteen inches in Rhamphastos dicolorus, nineteen 
inches in jB. carmatus. There are no cceca. 

The proventricuhis is zonary ; the stomach is a weak 
muscular bag. 

In the liver the right lobe is larger than the left, three 
times larger in B. carinatus. 

The most characteristic feature in the anatomy of the 
family concerns the gall bladder ; this has been principally 
investigated by Forbes.^ It wdll be seen that the gall bladder 
is tubular, and of very great length (4*15 inches in a specimen 
of Rhamphastos dicolorus), as also in the Capitonidse and a 
few Picidse (qq.v.) I found in Bh. tocard an exceptional state 
of affairs. As in all (?) toucans, the gall bladder is long, 
but from the upper extremity two separate cystic ducts arise, 
which soon fuse to separate again ; ^ they open, how^ever. in 

* Nitzsch mentions as an exception an unidentilied species. And in 
Selenidera and Aulacorhamphiis I could find no break. 

^ ‘ Note on the Gall Bladder, dro., of the Toucans and Barbets,' F. Z, S* 
1882, p. 94. 

* This may perhaps be regarded as a faint indication of the rete found in 
some reptiles. 
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common with each other and with the hepatic duct into the 
intestine. There are two pancreatic ducts in this species, 
and one of them is peculiar in having a distinct, though 
short, diverticulum near to its intestinal orifice. 

The tongue is long, horny, and feathered along the 
margins. 

The toucans as a rule possess only one carotid, the left. 
But in an example of Bh. dicolorus Fokbes found both 
carotids present. The second is much smaller ; it is quite 
pervious, however, and blends with the left at the entrance 
to the neck. 

The syrinx is in some respects peculiar. As in some 
other picarian birds, the last three or four tracheal rings are 
fused to form a bony box, which is marked by a deep furrow 
mesially and behind. This region of the syrinx is much 
compressed antero-posteriorly. The intrinsic muscles are 
attached to the upper part of the box. 

The first bronchial ring is ossified in front ; posteriorly 
each half is L-shaped and fibrocartilaginous. The descending 
limbs of each L are in the same straight line as the trachea ; 
they are closely applied to each other, but really separated 
by a membrane of very short extent, the bronchidesmus. 
They are in close contact with the inner end of the ossified 
half of the ring. At the lower end of these cartilaginous 
pieces is a separate rounded bit of cartilage, which is simi- 
larly connected with the second ring. 

The tensores patagii are very simple. The tendon of the 
brevis is quite undivided. Each has a tendinous slip from 
the pectoralis. There is a cucullaris patagialis. 

The deltoid is particularly long in its insertion. 

The anconoeus has no humeral attachment. It arises 
by fleshy fibres (not a Y-shaped tendon) from the scapula. 
The glutceus maxinius extends below the acetabulum ; there 
is no glutceus externus. 

The muscle formula of the leg is AXY — . The semitendi- 
nosuB is attached to the leg bone separately from the semi- 
membranosus ; it has also a tendinous insertion on to gastro- 
cnemius. The deep plantar tendons are as in Megalceina, 
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There are fourteen cervical vertebrce. The atlas is per- 
forated by the odontoid process ; strongish median hypapo- 
physes exist on vertebrae C11--D2. In Bhamphastos ariel 
vhere is in addition a paired haemapophysis on CIO, not 
present in Pteroglossus WiedL Five ri6s reach thesternumy 
which is four-notched and has a spina externa. The clavicles 
are short and do not unite in the middle line ; they are ex- 
panded above, as in the barbets. There is a small accessory 
scapular nodule, from which deltoid in part arises. The 
skull is desmognathous, holorhinal, without basipteiygoid 
processes. The ethmoids are large and quite fused with 
the descending process of the lacrymal, itself fused with 
the skull wall. The vomer is truncated at its anterior 
extremity. 

Fam. CapitonidflB. — This family of birds, with which I 
include, following Gapow, Indicatory is of the tropics, both 
Old World and New. 

All the members of the family that have been examined 
have ten rectricesy save Indicatory which has twelve. The 
oil gland is feathered, and there is an after shaft. 

The pterylosis ^ shows some differences in different genera ; 
in all, however, the ventral tract is single as far as the 
posterior end of the neck, where it divides into the tw^o pec- 
toral tracts ; each of these, again, gives off, as in the toucans, 
Bucconidae, Picidae, &c., an outer branch. This soon termi- 
nates, but the inner branches are continued as far as the 
cloaca. The apteria being entirely devoid of down feathers, 
the tracts are easily defined, but in spite of this Nitzsch 
has, in my opinion, fallen into some errors. 

The typical arrangement of the dorsal pterylosis * 
(shown in fig. 91) may be considered to be that of Megalcemay 
and was found to characterise the species M. asiaticUy M. 
virenSy M, Hodgsoniy M. javensis, M, Franklmi, The spinal 
tract is single and narrow upon the neck, thus leaving con- 

* Giebel, ‘PteryloBe von Tetragonops, Zeitschr. f. d.ges, Naturw. li. 1878, 
p. 877. 

* * On the Pterylosis of Certain Barbets and Toucans/ P. Z. S., 1896, p. 558. 
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spicuous lateral neck spaces ; behind the scapulae it forks, 
and the posterior part of the spinal tract is not in continuity 
with the interior. The former is at first a single tract, but 
it divides some way in front of the oil gland, which it 
surrounds, as in the Picidae and Rhamphastidas ; but in the 



Fio. 91. - Fkathbb Tracts of MegaUevia asiatica. The Right-hand 
Figure shows the Ventral Surface, the Left the Dorsal. 


former family there is also a median continuation of the 
*spinal tract, w^hich stops at the base of the oil gland. On 
each side of the spinal tract is a very narrow lateral tract, 
which is figured by Nitzsgh as existing also in the Eham- 
phastidje and the Picidae. Xantholccrna rosea shows differ- 
ences from Megalcema ; the spinal tract divides in the usual 
way, but the tracts rejoin, so as to enclose a diamond-shaped 
space ; they then again diverge immediately, and end at the 
sides of the oil gland in the usual way. 

Xantholccrna has a faint lateral tract on either side. In 
spite of Nitzsch’s figures I am disposed to think that this 
tract, so universal in the barbets, is at most feeble in the 
toucans. In the continuity of the anterior and posterior 

o 



194 STRUCTURE AND CLASSIFICATION OF BIRDS 


parts of the spinal tract Xantholmma is more toucan-like 
than any barbet. 

In Capita and Trachyphonus Nitzsch has figured an 
anterior bifurcation of the posterior part of the spinal tract, 
much more marked in the former genus, where, indeed, I am 
inclined to suspect a more detailed resemblance to Xantho- 
Icema than is suggested by Nitzsch’s figure. If this is not 
the case, the New- World genus will be distinguished from 
the Old-World genera by a double posterior spinal tract 
divided by a break from the forked anterior tract. 

The tensorespatagii consist of a slighter tensor longus and 
a wider brevis ; the tendons of both are simple, and each is 
reinforced by a tendinous slip from the pectoralis. The 
brevis tendon is simple, and terminates, as in the last two 
families, upon the tendon of the extensor metacarpi radialis. 
In Capita, at any rate, there is a cucullaris prapatagialis, 
Fubbringer had indicated a point of difference among the 
barbets which concerns the rhambaideus prafundus. This 
muscle in Meiglyptes (Picidae) and Bhamphastas is a large 
fan-shaped muscle, arising from the tip of the ilium, as 
well as from the spinous processes of certain of the dorsal 
vertebrae, and is inserted from the tip to about halfway down 
the scapula. In Capita this muscle is plainly divided into 
two — an anterior and a posterior — of which the latter arises 
from a few vertebrae and from tip of ilium. In Megalcevia 
the anterior section of this muscle is itself again divided 
into two quite distinct parts. This family, like the wood- 
peckers, toucans, and Passeres, has a latissimus darsa- 
cutaneus, but no metapatagialis. 

The deltoid extends some way down the arm, as in other 
allied birds and in Passeres ; it has no special scapular slip. 

The barbets, like the woodpeckers and toucans, possess a 
sesamoid ossicle, called the ‘ scapula accessoria,' which is 
developed in the scapulo-humeral ligament ; from it arise 
some of the fibres of the deltoid. This bone, again, is also 
found in Passeres and owls, and in a host of other birds.* The 

* See Furbbinoeb, p. 229. Forbes laid too much stress upon its classihoa- 
tory value in the present case. 
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glutceus maximus is both pre- and post-acetabular in origin. 
There is no gl. externns. In the leg the formula is the 
typical picarian one of AXY — . peroneaU are present, 

as in the Ehamphastidae, and with the normal attachments^ 
The deep plantar tendons have been already described and 
displayed (fig. 58, p. 102). 

The tongue (in M, virens) is sagittate, with homy 
margins, and slightly lacerated apically. In a specimen 
of Megalcema asiatica the horny apex was bifid, quite 
regularly so. 

The right lobe of the liver in M. virens is a little larger 
than the left. The greatest peculiarity of the liver, however, 
concerns the gall bladder. As in the toucans and some 
Picidse it is of great length and intestiniform, i.e. of narrow 
and regular calibre ; in a specimen of M, virens it was two 
and a half inches long. The presence of a similar gall 
bladder has been noted in M. Franklini and in Xantho- 
Icema rosea. 

The intestines (devoid of caeca) are voluminous but short 
— seventeen inches in M. virens y twelve in M, asiatica. 

The syrinx of Megalcema (asiatica) is of a very simple 
tracheo-bronchial form ; the last rings do not fuse at all, but 
remain perfectly distinct ; there are no intrinsic muscles. 
The extrinsic muscles are attached to the tips of the costal 
process. 

The skull is ‘ aegithognathous, with a desmognathous 
tendency,’ holorhinal, and without basipterygoid processes. 
The desmognathous tendency is shown by the fact that (in 
Megalama asiatica) the maxillo-palatines may or may not 
blend with the nasal septum. In others, e.g. Pogonorhynchus 
bidentatus, the two bones (maxillo-palatines) blend com- 
pletely across the middle line. These forms are, therefore, 
genuinely desmognathous, except as concerns the vomer. 
This bone is truncated, as in the aegithognathous skull, and 
its two forward hmbs join the maxillo-palatines, as in Indi- 
cator. 

It is single (except, of course, for the anterior bifurcation> 
in Megalcema ; broader and double in Gymnobucco calvus, 

o 2 
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As Garrod has pointed out, the vomer of the Capitonidse 
differs from that of the Passeres in being truncated behind 
the posterior line of the palatines ; in the Pasaerefl the 
truncation is in front of the line. The skull of Megalcema 
asiatica has been described and figured by Parker.* Outside 
the Y-shaped vomer there is on each side a small ‘ septo- 
maxillary * splint, and in front a median unpaired septo- 
maxillary. The former are, perhaps, the equivalents of the 
vomers of Picidse (g.t’.) ; the vomer in that case may have 
something to do with the medio-palatine of Picas, The 
nostrils are impervious and very much reduced by long 
growiihs. In Megalcema xnreyis and Gymnobucco the lacry- 
mals and prefrontals entirely fuse with each other and with 
the skull walls to form a solid and imperforate plate of bone, 
as in Pterocles, pigeons, toucans, Ac. 

There are fourteen cervical vertebra. The atlas is per- 
forated by the odontoid. The axis and the three following 
vertebrae have median hypapophyses ; the next vertebra (the 
sixth) has a bifurcate one. All these processes are more 
conspicuous than in the toucans, where, however, they are 
present. Vertebrae C11~D6 (last) and LI have strong 
hypapophyses, that of D2 being bifurcate. In Gymnobucco 
only three dorsals have haemapophyses. Five ribs reach the 
sternum, which is four-notched and has a spina externa ; the 
clavicles do not meet below. The head of the clavicle 
expands into a wide flat triangular plate. 

Indicator is considered to be the type of a distinct sub- 
family of the Capitonidae, which also contains the genus 
Protodiscus. Indicator has been chiefly investigated by 
Garrod.^ Nitzsch, however, previously and Ftjrbringer 
subsequently added to our knowledge of the bird. It has 
twelve rectrices ; the pterylosis has a marked gap between 
the anterior and the posterior parts of the spinal tract ; and 
the latter appears to encircle the oil gland, as in the 
Capitonidae. 

' ‘ On the Structure and Development of the Bird’s Skull,’ Trans. Linn. 
Soc. (2), i. p. 122. 

* * Notes on the Anatomy of Indicator' major.' P. Z. 5. 1879, p. 980. 
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The syrinx is shown in the figure on p. 61 (fig. 40). The 
trachea at its lower end is formed into a bony box by a fusion 
of several rings ; the first bronchial semi-ring, to which 
the single pair of intrinsic muscles are attached, is larger 
than those which follow. The rmiscular anatomy, excepting 
for minute details, is the same ; one of these small details 
is that the pectoral slip to the tensor patagii is muscular 
and not tendinous. 

The skull is aegithognathous ; the vomer is forked in 
front and joins the separated maxillo-palatines, as in 
Megalmma asiatica ; but Gakbod has remarked upon the 
fact that in this character (the widely separate maxillo- 
palatines) the palate of Indicator is more like that of the 
Picida^ than are the Capitonidae. 

ALCEDINES 

Definition , — Aftershaft absent. Muscle formula of leg, AX. Caeca 
absent. Both carotids present. SkuU desmognathous. 

The kingfishers form a natural assemblage of birds — 
Alcedinidae — w'hich, however, show some variations in their 
structure. 

Thus, while they generally agree with the bulk of their 
relations in having a characteristically tufted oil gland, 
, the genus Tanysiptera (three species at any rate) has a nude 
oil gf^and. In this genus too the rectrices are ten, tw^elve 
being the more usual number. 

As to pterylosis, the kingfishers are characterised by the 
possession of down feathers not only on the pterylae but 
also on the apteria. There is a difference between Alcedo 
and Dacelo in that the latter has a weak dorsal tract in the 
middle region of the back, it being stronger in front and 
again near the oil gland. In Alcedo the tract is of imiform 
strength throughout. The kingfishers, like the swifts, 
sometimes possess and sometimes do not possess the fifth 
cubital remex. 

In Dacelo gigantea there are fifteen cervical vertebrsB 
and only three ribs reach the sternum. In Dacelo Gaudi-- 
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chaudi there are fourteen cervical vertebrae, and four ribs 
reach the sternum — a diflference which appears to me to 
justify the separation of the latter into a distinct genus, 
Sauroniarptis. Halcyon smyrnemis agrees in these points 
with D. gigantea. 

The last cervicals (from 10 *) and the dorsal vertebrae 
(including the first lumbar) have well- developed, often 
bifurcate, sometimes trifurcate haemapophyses. The four- 
notched sternum has a well-developed spina externa. 
As Dr. Cunningham has pointed out, the lacrymals of 
Dacelo are larger than those of Ceryle^^ and, I may add, of 
Halcyon and Todirhamphus {^Sauropatis). The skulls of 
the genera above mentioned are remarkable for the fact that 
the temporal fossae as nearly as possible meet behind : there 
is only a slight bridge dividing them. The lacrymal, 
moreover, dilates into a wide plate, with a notch, on the inner 
side of which is received the small flat-pointed prefrontal 
process of the ethmoid. I have observed these skull cha- 
racters in the Coraciidae. The clavicle reaches the scapula 
and gives off a longish acromial process. The nares are 
impervious. 

In Sauropatis albicillaj Dax^elo gigantea, Cittura cyanotis, 
and Pelargopsis (Furbkinger) the tensores patagii have 
the somewhat complicated arrangement shown m the figure 
(fig. 94). There are two tensor brevis tendons, of which 
the anterior, after giving off a wristward slip, is continued 
over the arm to the lower side, fanning out as it goes. 
There is in all a passeriniform tendinous slip. Dacelo has 
a muscular pectoralis propatagialis. Sauromarptis Gaudi- 
chaudi and Sauropatis sanctus are quite similar. There is, 
in Pelargopsis at least, a tendinous slip from pectoralis I. 
to both longus and brevis tendons. 

In Callalcyon rufa (fig. 93) there is a simplification, 
only the anterior of the two tendons being present ; the 
passeriniform slip is barely marked. In Alcedo there is a 
still further ' degeneration ; ' not only is the passeriniform 

* On CIO there is a paired hsBtnapophjsis in Dacelo* 

* Shupeldt, ‘On the Osteology of Ceryle,* J, Anat. Phya. xviii. p. 270. 
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slip absent, but the wristward slip is hardly shown. There 
is a fleshy pectoralis propatagialis joining the longus tendon. 

In Ceryle alcyon the two tensor brevis tendons form a 
broad diffused tendon, to which is joined, before it gives off 
the wristward slip, a peculiar long (hombill-like) pectoralis 
propatagialis tendon. 

In Alcyon Lessoni we have the most simple form of 
tensor brevis without any branch. 



Fig. 92. — Tensores Patagii Fig. 93. — Tensores Fig. 94. — Tensores Patagu 
OF Ceryle alcyon. Patagii of Callal- of Sauropatis albicilla. 

cyon rufa. 


In Stjma the tensor brevis consists of two tendons, but 
the anterior has no wristward slip at all. 

There is never a biceps slip. The deltoid has a scapular 
slip. 

The expansor secundariorum appears sometimes to be 
absent. But it is present in Dacelo, Tanysiptera^ Syma, and 
Cittura. Dacelo, at any rate, has no humeral slip to the 
anconceus. ^ 

The leg muscle formula is, without exception, AX . 

In Dacelo there is but one peroneal, which is the brevis. 

The deep flexor tendons vary somewhat. In Dacelo 
gigantea the arrangement of these tendons is, as Professor 
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Garrod pointed out, precisely that of Momotua^ But in 
Halcyon vagans the two tendons blend completely before 
the branches to the toes, all arising approximately at the 
same level, are given off. The structure of the conjoined 
tendon, however, seems to suggest that the flexor hallucis is 
concerned with the supply of digits III., IV. 

In some kingfishers there is a myological peculiarity not 
found in any other group of birds. Dr. K. O. Cunningham 
discovered in Ceryle stellata a strong transverse tendon 
uniting the two biventri cervicis close to the upper belly of 
the muscles. He failed to find this junction in Alcedo ispida 
and Dacelo gigantea. Tanysiptera and Cittura * have this 
link, but not Syma, Halcyon^ or Sauropatis? 

The following table gives the intestinal lengths of two 
species : — 

Ceryle amazona . . . .24 inches 

Halcyon sp 144 „ 

The right lobe of the hver seems to be always larger 
than the left. 

I have examined the syrinx in Dacelo cervina. The last 
tracheal rings are completely fused in front to form a bony 
box, which shows no traces of the number of rings of which 
it is composed. These rings appear to be five or six in 
number, and, w4th the exception of the last, are fused 
together in the middle line behind. In front of this box the 
tracheal rings interlock in the usual fashion. The first 
bronchial semi-ring, which is ossified, is firmly united to, but 
not fused with, the tracheal box ; the succeeding rings are 
cartilaginous. The syrinx has two pairs of intrinsic muscles ; 
the most anterior is the more slender ; the wider muscle 
arises from the trachea, just where the extrinsic muscles are 
given off, and is attached to the first and apparently also to 
the second bronchial semi-ring. 

In Ceryle alcyon there are no great differences, but the 

’ In one of two specimens of S. vagans it was present. 

* * Notes on some Points in the Anatomy of the Kingfisher,’ P. Z. S» 1870, 
p. 280. See also Bepdabp, P. Z. S. 1896, p. 608. 
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rings forming the box are not so completely fused, and the 
larger intrinsic muscle, arises much lower down — in fact, at 
the commencement of the box. 


COLII 

Definition . — Aftershaft present ; oil gland tufted. Muscle formula^ 
AXY ; biceps slip present. Caeca absent. Skull desmognathous. 

Of the family ColiidaB there is only a single genus, African 
m range and including something like nine species. 

The toes are remarkable for the fact that the zygodacty- 
lous condition can be assumed ; the first toe can be directed 
forwards,* the fourth backwards. There are ten rectrices ; a 
tufted oil gland and an aftershaft are present. 

The pterylosis described by Nitzsch is remarkable for 
the width of the pterylie. The ventral tract almost com« 
pletely covers the ventral side of the body ; towards the 
outside the feathers are stronger, but there is no outer branch. 
The spinal tract is narrow and strongly feathered upon the 
neck ; on the occiput is a bare space, reminding one of that 
in a similar position in the Trochilidae. There is no median 
spinal apterion. 

In their myology the colies are remarkable for possessing 
a fleshy biceps slip. The tensor paUigii brevis muscle is very 
• extensive, and reaches nearly as far as the fore arm. Its 
very short and single tendon sends back a ‘ passerine ’ slip,, 
oblique in direction, and is also continued over the arm. 

The pectoralis slips to both longus and brevis are present. 

The deltoid, as in so many allied birds, is very extensive* 

The leg muscular formula AXY—. There is only one 
peroneal. 

The semimembranosus is inserted below and indepen- 
dently of the semitendinosus. The latter gives off a tendinous 
slip to the gastrocnemius. 

The deep flexor tendons blend before giving off branches 
to the toes. 


Hence the term ‘ pamprodaotylous,’ sometimes used for this family. 
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Besides the hornbills and MaerooMres the colies are the 
only flying birds in which the latissimus dorsi metapatagialis 
is absent. 

The colies have only the left carotid. 

The stomach is not very muscular. The liver is small 
and has a gall bladder. There are no c(eca. The intestines 
are short, but capacious, measuring nine inches. 

The syrinx has been figured by Johannes Muller.^ It 
is quite typically tracheo-bronchial. 

The skeleton and the affinities of Colius have been elabo- 
rately treated of by Murie.^ 

There are thirteen cervical vertebra'. Fourths reach the 
sternum. 

The skull is holorbinal, without basipterygoid processes, 
and desmognathous. After a careful maceration Garrod ^ was 
unable to find a vomer, the presence of which had been 
previously^ asserted (see fig. 95, p. 203). 

TBOGONES 


Definition , — Feet sygodaotyle by reversion of second toe, BkiiU 
schizognathouB -witli basipterygoid processes. Oil gland nude. 
Left carotid alone present. Caeca short. Ambiens absent. Of 
deep plantar tendons FI. hall, supplies 1. and II., FI. dig. III. 
and rv. Vinculum joins them before bifurcation of each. 

This family is chiefly American, but also African and 
Asiatic.® 

The feathers of the trogons have very well developed 
aftershafts. The pterylosis is remarkable for the non- 
bifurcation of the spinal tract, which is continuous as a single 
tract to the base of the naked oil gland. It is dilated to form 
a rhonaboidal area behind the scapula. 

There are twelve rect rices. 

' * Ueber die bisher nnbekannten typischen Verschiedenheiten der Stimm- 
organe der Passerinen,’ Ahh. k. Akad. Wise. 1846, 

‘ On the Genus Colius, its Structure and Systematic Place,’ Ibis, 1872, 
p. 263. 

* ‘ Notes on the Anatomy of the Colies (CoZiws),’ P. Z. S. 1876, p. 416. 

‘‘ By Mcbie. 

^ Trogon ,gallicus is an extiact species from the Miocene of France. 



TROGONES 


203 


Of the muscles of the thigh which Professor Gakbod 
regarded as of importance there are present the femorocaudal 
and the semitendinosus, the accessories of both being absent. 
The femorocaudal is proportionately larger than in almost 
any bird. There is no glutceus primus. The obturator 
internus is small and oval. The singular arrangement 


of the deep plantar tendons 
is used in the definition of 
the family. The two tendons 
concerned each supply two 
digits, this arrangement being 
unique. In the fore limb 
there is no biceps slip to the 
patagium. The patagial muscles 
and tendons are much compli- 
cated ; they have been figured 
by Gahrod for Trogon puella. 
The Very powerful tensor 
brevis muscle runs as a muscle 
nearly to the extensors of the 
fore arm ; it has a short broad 
tendinous insertion on to the 
fascia of the^ outer surface of 
the arm, and this is specially 
developed, a line running back 
to the humerus, as in the 



Fig. 95.— Skull of Colitis castano- 


Passeres (see p. 172). Deeper Aspect. (Apteb 

than this are two parallel 


tendons ; of these the one nearer the hiuuerus terminates 


exactly like the single one of the Passeres ; the other tendon 
ends as in the Pici, elsewhere described. There is no expansor 
sectindariorum. 


The toiigue of the trogons is short and three-sided. It 
is pointed in front. The left lobe of the liver is a little the 
smaller. Among Gabrod’s notes are the following measure- 
ments of the intestines and the cseca in three species of 
trogons, which we reproduce ; — 
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I Intestine 
' Caeca 


Trogon mexioanus 


Tr. puollft 


Pliaromnorua mociuuo 


10*5 inches 8*6 inches 16 inches 

1*25 and 1 inch 1*1 inch 1*75 inch 


There is no crop ; the gizzard is thin-walled and large ; the 
proventriculus is zonary. 

The most remarkable matter concerning the osteology of 
the trogons is the curious mistake which was originally made 
as to the nature of the palate. Huxley, in his paper upon the 
classification of birds, came to the conclusion, from a single 
incomplete skull of Trogon Reinivardti, that the skull was, 
like its presumed allies, desmognathous. Later Forbes ' was 
able to show in five species that the maxillo-palatines were 
not united across the middle line, but that they terminated 
in a spongy expansion some way from each other. The end 
of the vomei: is thin and filiform. The lacrymal is somewhat 
styliform, and reaches the jugal bar ; there appear to be no 
ossified ectethmoids. The palatines of the trogons are 
pecuhar. Instead of being flat plates, as in Coracias, for ex- 
ample, the outer portions of the bones are bent upwards, and 
cling closely to the basis cranii. The two palatines are, 
moreover, fused posteriorly, and the i>terygoids where they 
articulate with them are expanded. They are holorhinal 
wdth impervious nares. The trogons have fifteen cervical 
vertebrce. The atlas is perforated by the odontoid process ; 
four or five ribs reach the sternum. The sternum has two 
incisions behind, and the bifid spina externa. 


CORACI^ 

DefinUion— present Muscle formula, AXY ; expansor 

secundariorum present. Casoa generaUy present. Desmogn^- 
thoos. 

The Coraciids are entirely Old-World birds, chiefly 
massed in the Ethiopian region, but extending as far as the 

' ' Kote on the Strnctare of the Palate in the Trogons,’ P. Z. S. 1661, 
p. 636. 
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Australian. The genera allowed by Dresser in his recent 
monograph of the family are Coracias, Eurystomus, Brachy- 
pteracias, AtelorniSy and Leptosomus. They are distributed 
by him in three subfamilies ; the first two genera constitute 
the first, the next two the second, while Leptosomus is placed 
in a subfamily by itself. The rollers have an anisodactyle 
foot ; the feathers have an aftershaft ; but the oil gland is 
nude. The pterylosis has been studied by Nitzsch, Forbes, 
and by myself.* . In Eurystomus orientalis the ventral tracts 
commence as two from the very first ; at the angle of the 
mandible they are double. Though Nitzsch has figured 
the pterylosis of the throat of Coracias garruhis as if it were 
continuous, I do not find any difference from Eurystomus in 
this particular. On the breast the two divisions of the 
ventral tract remain single ; there is hardly a trace of the 
outer branch. The tracts are here rather wide. The dorsal 
pterylosis narrows gradually until between the shoulders, 
where the feathering is very strong, and where it divides 
into two branches ; these unite again just at the articulation 
of the femora, and finally terminate a little way in front of 
the oil gland. 

Leptosomus has a slightly different pterylosis ; the 
ventral tract is single to about an inch behind the junction 
of the mandibular rami ; for a considerable distance the 
ventral band is continuous with the dorsal, so that the 
lateral neck spaces do not commence until about three- 
quarters of an inch above the shoulder. About the middle 
of the sternum the pectoral tract of either side gives off an 
outer branch some four feathers wide and slightly stronger 
than the main tract. The tw^o forks of the dorsal tract 
run in between each other, the narrower posterior portion 
between the limbs of the wider anterior portion, as is the 
case with so many birds. Forbes has noted that Atelornis 
has a pterylosis which agrees with that of Eurystomus, 
already described. 

Leptosomus differs, however, from the remaining Coraciidae 
in the possession of powder-doivn patches, which were first 
* See anatomical preface to Dresser’s monograph of the group. 



208 STRUCTURE AND CLASSIFICATION OF BIRDS 


described by Sclater.* There are two patches in the 
lumbar region, lying between the dorsal and the femoral 
tracts. 

The tongue of the rollers wants the spiny fringe at the 
base which is so common a feature of this organ in other birds ; 
it is horny in front and entire at the tip. The liver has a 
larger right lobe and a gall bladder. 

The following are intestinal measurements: — 


Leptosomm . 

Eurystomm 

Coracias 


Suiall Intestine 

9} inches 
10 „ 

11 „ 


Large Intestlue 

2^ inches 
1 inch 
? 


Cwca 

2J-, 2} inches 
1 J inch 
2*2 inches 


accompanying 


The tefisores patagii of Leptosomus are figured in the 
cut.‘^ The brevis tendon gives off a wrist- 
ward slip just before its attach- 
ment to the tendon of extensor 
metacarpi radialis longus, over 
which it passes to be inserted 
below. There is no biceps slip. 
Coracias garrulus is the 
same save for the fact that 
there are two separate brevis 
tendons, from the first of which 
the anterior gives off the 
wristward slip; the inner* 
thinner tendon of these does not 
cross the wrist. Eurystcymus 
does not differ. In these birds 

tosomus (after Forbes). theie 18 a well-developed ex-- 

secuiidariorum of the 
type, which 

Professor Gabrod has called ‘ ciconiiform.’ 

The muscle formula of the leg is AXY — . The glutceus 
maximus does not reach below the acetabulum ; the gL 



P, pfttagium ; fjt?. hr, tensor patagii breris ; pCLnSOV 

extensor metacarpi ; ^ its origrio* . i i t 

fully developed 


* ‘ On the Structure of Leptosoma discolor,^ P. Z. S. 1865, p. 682. 

2 From Forbes, ‘ On the Anatomy of L^tosoma discolor,'' P. Z. 8, 1880» 
p. 464. 
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externus is present in Eurystomus, represented by a ligament 
in Coracias, The deep flexor tendons are of type V., where 
the two tendons blend before the four branches are given off 
to the toes. IRoth perojieals are present. The carotids of the 
CoraciidaB are two. In Leptosomus Forbes found that the 
two arteries run up close together, but are not fused in the 
hypapophysial canal. He thinks that they may be, like 
those of Bucortmsy^ no longer functional as blood vessels. 

The syrinx of the Coraciidae is quite typically tracheo- 
bronchial. In (7. garrulus the intrinsic muscles are attached 
to the first bronchial semi-ring. These semi-rings are ossified ; 
the rest of the bronchial semi-rings are more slender and not 



Fig. 97. — Syrinx of Leptoscnnm (aftkr Forbes). The Left- 
hand Figure from in Front, the Right from Behind. 

ossified. In Eurystornus the only difference is in the fact that 
the three semi-rings following the first are closely attached to 
it and to each other, and appear to be ossified ; after these 
are the broader soft cartilaginous semi-rings. The syrinx of 
Leptosomus (fig. 97) is rather different ; it appears to be 
an extreme development of the type found in Eurystornus. 
The first three bronchial semi-rings, like the last tracheal 
rings, are ossified ; the first of them appears to be nearly, if 
not quite, a complete ring. The fourth and the succeeding 
semi-rings are cartilaginous ; to the former are attached the 
intrinsic muscles. In the commencing formation of a 
‘ bronchial syrinx ’ Leptosomus evidently gives a hint of 
cuckoo affinities, to which group, however, its structure in 
general does not incline. 

There are fourteen cervical vertebree in Leptosomus^ 


» Cf. p. 215. 
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thirteen or fourteen in other Coraciidee. The atlas (Coracias) 
is notched for the odontoid process ; C2~4, C10-D2 have 
haemapophyses. On C13 and 14 there are also a pair of 
downward processes (catapophyses), one on each side of the 
haemapophysis, which, in the case of C14, arise from a 
common base with it and on D1 from its tip. 

In Eurystamus the atlas is perforated. Four {Lepto- 
nonius ') or five (some other forms) ribs reach the sternum, 
which is singly or doubly notched on either side, and has a 
spina externa but no spina interna. The skull is desmogna- 
thous, holorhinal, without basipterygoid processes. The 
rollers have the same peculiar lacrjunal that has been referred 
to above in the kingfishers. The bone expands enormously 
below and comes into near relations, but does not fuse, with a 
slight ectethmoid ; the lacrymal reaches the jugal. Another 
peculiarity of the coraciid skull is the very large postfrontal 
process, which descends in a straight line and actually 
reaches the jugal. These remarks apply not only to Coracias, 
but to Eurystomus and Atelornis, in which latter, however, 
the postfrontal process is not quite so long. 

The family Meropidser consists of the genus Merops, and 
of a few others which have been carefully monographed by 
Dresser. Like the rollers the bee-eaters are an exclusively 
Old-World family, ranging through the Palaearctic, Ethiopian, 
Oriental, and Australian regions, but again, like the rollers 
predominating in the Ethiopian. 

As to external characters, the oil gland is nude ; the 
rectrices are twelve ; the feathers have an aftershaft. The 
pterylosis (described by Nitzsch and by myself is as 
follows : — 

The spinal tract is wide, and is at first connected round 
the neck with the ventral tract. About halfway down the 

' The osteology (and some of the viscera) of Lcptosomiia is described and 
figured by Milne-Ei)wabi>8 in the Hisioire Naturelh de Madagascar. See also 
for the family Nitzsch and Gisbel, ‘ Zur Anatomie der Blauraoke,* Zeitachr. 
/. d. gea. Naturw» x. p. 318. 

In anatomical preface to Dresseb^s monograph. 
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neck it becomes separate, and terminates in a tnmcate or 
sometimes bifurcate extremity between the shoulder blades ; 
at this point there is a break and the rest of the spinal 
tract is double, enclosing a space bounded by two distinctly 
conical tracts, which gradually get narrower to their point 
of fusion, a little way in front of the oil gland. The ventral 
tract is double from close to its point of origin ; the two 
tracts get wide upon the pectoral region, whence they 
gradually dwindle to a single feather wide close to their 
termination ; the pectoral tracts have no outer branch. 

Nyctiornis has two carotids \ most of the others have 
only one, the left. The bee-eaters have long cceca^ like the 
Coraciidap. In a specimen of M. ornatus with the intestines 
only 5^ inches they measured iinch; in a larger species 
1 inch. 

The proventriculus is zonary ; the right lobe of the liver 
the larger, and with a gall bladder. 

The tensor patagii brevis tendon gives off a wristward 
slip, and a ‘ passeriform * slip to the humeral at its insertion 
to the fore ann, which it does not cross. There is no biceps 
slip, but there is a fleshy slip to longus from pectoralis ; that 
to brevis is entirely tendinous, there being in both an 
agreement with Coracias. 

The deltoid extends a long way down the humerus ; it 
receives a tendinous slip from the scapula, which passes under 
the latissimus dorsi and over the anconceus longus. The 
latter muscle has a humeral head, but not in Nyctiornis. 

The expansor secundarionun is present and ‘ ciconiine.* 

The leg formula is AXY — . The deep flexor tendons are 
as in fig. 55, p. 100 ; the flexor hallucis gives off a slip to the 
hallux before it fuses with the flexor communis. 

The Meropidop have fourteen cervical vertebrae. The 
atlas is perforated by the odontoid process. There are 
hfiemapophyses on C2-4, ClO-Dl ; of C14 is trifurcate. 
Four ribs reach the sternum^ which has two lateral notches, 
of which the outer is the deeper, and has both external and 
internal spina, the latter being bifid, as in Passeres and 
some other birds. The clavicles have an acromial process,. 

p 
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as in the kingfishers. The skull is desmognathous.holorhinal, 
without basipterygoid processes. The descending limb of 
the lacrymal nearly unites — is connected by cartilage — with 
the slender ectethmoid, thus forming a ring. The nostrils 
in the dried skull are pervious. 

The desmognathism of Merops is different from that of its 
allies. The maxillo-palatines are long, slender, recurved 
plates, like those of passerines. They are fused in the middle 
line to a broad plate of bone, but the free ends of the maxillo- 
palatines extend backwards for some distance independently 
of this. The palate in front of the maxillo-palatines is to 
some extent vacuolate. The vomer is a single rodlike bone. 

The Homotidte ' are South and Central American, com- 
prising the genera (perhaps subgenera) Momotus, Hylomanes, 
Baryphthengus, and some others. They are placed by 
Gadow in close association with the todies, but there are 
various points in which they differ from that family, upon 
which stress has been laid by Fobbes. It is mainly to the 
last-mentioned observer and to Garrod •' that the existing 
knowledge of the family is due. The external characters of 
the family show some variation ; in Momotus the oil gland 
is quite nude ; in Hylomanes and Eumomota the apex is 
furnished with a few small plumes. Momotus has twelve 
rectrices ; Hylomanes, Prionorhynohus, Baryphthengus, ten. 
A remarkable characteristic of the motmots are the twO 
central racket-shaped rectrices, which matter was investi- 
gated twenty years ago by Salvin.* It appears that 
the original account given by Waterton of the birds nibbling 
off the vanes is perfectly correct, for it was observed by 
Bartlett at the Zoological Society’s Gardens. As a rule 
the bird only nibbles at the two long central rectrices, but 
Salvin reports a case where a bird had sought fresh fields 
and had attacked others of its feathers. It is a very remark- 

' J. Mcme, ‘ On the Motmots and their Affinities,’ Ibit (8), ii. 1872, p. 388. 

Ck>llected papers, passim. 

* Collected papers, passim, ‘On the Systematic Position of Momotida,^ 
P Z. S. 1878, p. 100. 

" ‘ On the Tail Feathers of Momotus,^ P. Z. ff. 1878, p. 429. 
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able fa^t that when the rectrices in question first appear 
they are narrower at the points where the nibbling occurs, and 
where they will be ultimately denuded, than they are else- 
where. But an inheritance of this particular acquired 
character can hardly be asserted. 

An after shaft is present, but small. 

The tensores pata^ii are simple, and there is no biceps 
slip. There is a fleshy pectoralis propatagialis. The tensor 
brevis consists of two parallel tendons, the anterior of which 
does not give off a wristward slip. The fan to the ulna arises 
in M. brasiliensis and M. cequatorialis as a continuation of 
the hinder of the two tendons, in M. Lessoni between them. 
Hylomanes gularis agrees with the first. The anconceus has 
a humeral slip. The somewhat rudimentary expansor 
sccundariorurn only reaches the margin of the teres. 

The deltoid is large ; its attachment to humerus is longer 
in Hylonmne.^ than in Momotus (f-i). There is a separate 
tendinous scapular slip. 

The muscular formula of leg is AXY — . Both peroneals 
are present. The deep flexor tendons of the motmots are 
rather peculiar in their structure. It will be observed that 
the slip to the hallux is given off before the flexor hallucis 
joins the flexor longus. 

The first gluteal {gl. maxim us) is only present in front of 
Jhe acetabulum. The glut ecus extern us is absent as a distinct 
muscle, but the insertion of gliitccus II. extends so far round 
the head of the femur that it may represent also the other- 
wise missing muscle. 

The gizzard is stronger in Hylomanes than in Momotus, 
and is almost ‘ ptilopine * in section. 

The tongue is long, bifid at the apex, and worn into fila- 
ments. In the alimentary canal the eaxa are absent ; the m- 
measure fourteen inches in M. Lessoni, eighteen inches 
in M. brasiliensis. The right lobe of the liver is the larger, 
and there is a gall bladder. 

There are two carotids. The femoral vein is abnormal. 

The syrinx has been described by Gakrod and is figured 
by him. It does not apparently differ widely from genus to 
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genuB. The last few tracheal rings are fused, but there is 
not a complete pessulus. 

The motmots have fifteen cervical vertehrcb. The atlas is 
perforated by the odontoid process. Cl~5, C11-D3 have 
median hypapophyses ; on C14-D2 are a pair of inferolateral 
processes, which gradually approach the median line until 
they spring from a common base in D1 , and are just visible as 
rudiments towards the tip of the heemapophysis of D2. In 
Hylomanes there is also a double hypapophysis on CIO. Three 
or four ribs reach the sternuiriy which has {Momotus) four 
foramina, or (Hylomanes) two notches and two foramina, 
and a bifid spina externa. The skull is desmognathous and 
holorhinal. The lacrymals are rudimentary ; the ectethmoids 
are very small and do not nearly reach them. Nares 
impervious, pervious in Hylomanes. 

The West Indian todies (Todidfle) fonn a very distinct 
family ; their structure has been chiefly investigated by 
Mtjrie * and Forbes.^ They are small birds with feet in 
which the syndactylism is more marked than in motmots and 
some others. The annexed cut shows that the digits IV. 
and V. are united together as far as the end of the third 
phalanx of the one and the second of the other. The 
oil gland is tufted. 

The skull is very imperfectly desmognathous. The two 
maxillo-palatines are not united together; they are com- 
pletely free from each other and from a median ossified nasal 
septum. There seems to be no vomer. The descending 
portion of the lacrymals is large and broad ; the ectethmoids, 
on the other hand, are small. The interorbital septum is 
widely fenestrate. There are fifteen cervical vertebrae. The 
intestines are, according to Mr. Forbes, remarkably short, 
not measuring altogether more than 3^ inches ; on the other 
hand the cceca are as remarkably long (considering the sys- 

* * On the Skeleton of Todus' <fec., P. Z, 8. 1872, p. 664. 

* ‘On some Points in the Anatomy of the Todies (Todid»), and on the 
Affinities of that Group,! ibid. 1882, p. 442. See also Hsichenow, ‘ Ueber das 
Genus Todus,* Sta.y f. Omith. xxxi. 1888, p. 480. 
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tematic position of the bird) ; they measure about one-third 
of an inch. The caeca are narrowed at their origin from the 
gut, and, as in the owls, (fee., dilated apically. The deep plantar 
tendons vary from the arrangement common to the group* in 
that the slip to the hallux is given off before the blending of 
the two. The arrangement, in fact, is as in the motmots. 
There is an expansor secundariorum ceasing at the axillary 
margin of the teres, in the gallinaceous fashion. The syrinx 
has at the middle a bony box, which is formed of three or four 
bronchial rings united with about two tracheal rings. It is 



Fi(». ilH. — Foot of Todus (afteu 
F0KHE8). The Digits and the 
Phalanges ake numbered. 



Fig. 99. — Foot of Momotus 
(after Forbes). Letters 
AS IN Fig. 98. 


only ventrally that the fusion is complete. The intrinsic 
muscles cease at the last tracheal ring but one. 


The OalbulidflB are a family of neotropical birds, com- 
prising the genera Galbula, Urogalba^ Jacamerops, &c., and 
known as puff birds. 

They are zygodactyle, with a nude oil glands twelve rec- 
tricesy and a small aftershaft. 

The pterylosis of Galbula rufoviridis is as follows : — 
The inferior tract is double from the angle of the jaw ; 
just before leaving the neck each tract gives off a short 
branch, about six rows of two feathers, which runs on to the 
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maxgin of pectoralis. The main tract itself is also only two 
feathers broad. It sends off, about halfway down sternal keel, 
a short curved outer branch, which runs outwards and then 
forwards towards axilla, nearly meeting a second outer branch 
which is given off by the tract on opposite side to the inner 
Inanch, already spoken of. The dorsal tract has a slight 
break ; the very short interscapular fork is of strong feathers 
and connected -with posterior part only by a very few 
feathers which are weak and arranged uniserially. 

The tongue is long and thin, tapering to a filament ante- 
riorly ; a gall bladder seems to be absent. In a specimen of 
G. rufoviridis the intestinal measurements were as follows : 
s. i., 4’15 inches ; 1. i., '75 inch ; cseca, 7 inch. 

The Galbulidse have an expansor secundariorum, but no 
biceps slip. The tensor patagii brevis tendon of Galbula has 
no wristward slip. It is merely a single tendon ; in Urogalba 
there is a wristward slip. 

In the leg the formula of Galbula is AXY, of Urogalba 
AX, both birds, of course, lacking the ambiens. The glutaus 
I. and V. are absent, at any rate in Galbula. The j>lantar 
tendons are picine. 

Both carotids are present. 

The skull of the Galbulidae is very like that of the Bucco- 
nid® ; but there are nevertheless points of difference. 

In Urogalba paradisea there is a long gap in the bony , 
palate in front of the conjoined maxillo-palatines, as in Bucco- 
nid® ; but the palatines are more sloped off posteriorly, and 
their posterior halves are more closely in contact. The de- 
scending process of the lacrymal is broader, and it is perforated 
by a large foramen. In Jacamerops and Galbula, on the 
other hand, the descending process of the lacrymal is very 
slender. 

The ectethmoids are large and the interorbital and intra- 
narial septa complete. 

There are fourteen cervical vertebrce ; the sternum has 
two pairs of incisions. 
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there is no patagialis longus. The brevis receives rather 
low down a very strong slip from the pectoral ; near to its 
insertion it gives off a wristward slip, which is attached to a 
special tendon arising from the lower end of the humerus. 
The main tendon passes over this, not attached to it, to the 
ulnar side. The absent longus is represented only by a 
thinnish tendon arising from the pectoralis. 

The same structures are found in B. malabaricus, B. 

coronatusj B, hicornis, and in 
Toccus, In B, atratus there 
is in addition an excessively 
^ms\\ patagialis longus muscle, 
arising with brevis and con- 
sisting indeed of but very few 
fibres. In Bucorvus, on the 
other hand (fig. 100), the tensor 
patagii longus is well developed. 
Each tendon has a slip from 
pectoralis (a. and a' in fig. 100), 
but that which joins brevis 
receives a tendinous slip from 
the biceps. This, however, as 
it is not figured by Furbringkr, 
is possibly individual. 

Quite exceptionally — among 
anomalogonatous birds — many 

Fig. 100 .-— Patagial Muscles of hombills have a broad humeral 
Buconms (after Beddabd). 

attachment of the ancotmus. 
The muscle itself arises from 
the scapula by a Y-shaped 
(BucorvuSj Buceros) or flat, non-divided (Aceros) head. The 
humeral ' ankerung ’ is found in B. subcylindricus, B, hicor- 
nis^ not in B. tlatus^ B. inalabaricus, B. atratus^ Bucorvus 
ubyssinicuSf Aceros, or Toccus. The deltoid has no scapular 
slip. • 

The leg formula of all hombills is AXY— . 

The glutceus maxiinus is quite absent ; the glutceus ex- 
ternus is only present as a ligament. 
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The biceps is occasionally (e.g. B, claim) double at its 
origin, the tendons being separated by quite a quarter of an 
inch. 

The arrangement of the semitendinosus and adductor in 
Acer 08 nipalensisy which is somewhat complex, will be 
understood from the accompanying drawing (fig. 101). 

The semitendinosus {St) is inserted on to the tibia by a 
long, thin, flat tendon ; another tendon, joining the first just 
where it passes into the muscle, is attached to the gastro- 
cnemius. 

The accessory semitendinosus is in two parts : the larger 
half {Ast) is attached to the semitendinosus just behind the 
origin of the tendon of insertion of the latter ; the second 
half appears to arise from the tendon which connects the 
semitendinosus with the gastrocnemius, it passes up towards 
the thigh, and just in front of its (tendinous) insertion on to 
the femur it receives a tendon from the adductor. This 
latter muscle (the adductor longus) is inserted by three 
tendons — (1) to the femur ; (2) a small tendon which has 
already been described as joining the second half of the 
accessory tendiuosus ; and (3) near to the origin of one of 
the internal heads of the gastrocnemius ; to this tendon is 
also attached the inner head of the gastrocnemius. 

The corresponding muscles * of Bucorvus ahyssiniciis are 
•rather simpler than in Aceros nijmlensis. The adductor 
longus is only inserted at two places : first, by a fleshy inser- 
tion along a considerable length of the lower border of the 
femur ; second, by a tendon in common with the inner- 
most head of the gastrocnemius. The semitendinosus is 
attached by a thin tendon to the tibia, as in Aceros, and by a 
short tendon, also as in that species, to the gastrocnemius. 
The accessory semitendinosus arises chiefly from this latter 
tendon, but there is no division between this part of the 
muscle and that which takes its origin from the fleshy part 
of the semitendinosus. 

In Buceros atratus there is, again, some little difference 

* Gadow figures most of these muscles in Bronn’s Thieneich, ‘ Aves,’ Bd. 
vi. Abth. iv. Taf. xxiii. 6, tig. 1. 
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from both the types already described, although the resem- 
blances are on the whole closer to Aceros, 

The adductor longus is attached by two tendinous heads ; 
the upper one of these, as in Aceros, is attached to the lower 
border of the femur ; this corresponds to the fleshy insertion 
of the muscle in Biicorvus ; the lower tendon is fused on its 
way with the inner head of the gastrocnemius, which is 
continued upwards and reaches the femur, and then bifur- 
cates into two tendons of insertion. The relations of the 



Fig. 101. — Leg Muscles of Aceros (after Beddard). 

addf adductor ; eeiuitendluosiis ; Axf, its accesaory ; .S'm, semimembranosua ; 
gaatrociiemiuB. 

semitendinosus and of the accessory semitendinosus are as 
in Aceros nipalensis. 

In Toccus these muscles are much the same as in 
Buceros. 

In Ceratogynma elata I find a closer resemblance to 
Aceros than to any other of the genera mentioned in this 
paper, but there is an agreement with Bucorvus in the fleshy 
insertion of the adductor longus on to the lower border of 
the femur. The accessory semitendinosus is distinctly double, 
as in Aceros, and is attached by a short tendon to the 
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adductor, though the direction of this tendon is somewhat 
different from what is found in Acer os. 

The skull is doubly desmognathous. There are distinct 
basipterygoid processes, large in B. rhinoceros, almost va- 
nished in A.nipalensis, with which, however, the pterygoids 
do not articulate. The interorbital septum is widely fenes- 
trate. The fused lacrymals and ectethmoids together make 
a large plate of bone ; the postfrontal processes are large. 
The atlas is fused with the axis. The hoBmapophyses are 
slight. There are fourteen or fifteen cervical vertehrce ; they 
are median in C12-D2. C14 and D1 have a median and 

two lateral processes.^ The sternum, which is faintly two- 
or four-notched, has both spina externa and interna. 

The liver lobes present some differences in different 
hombills. 

Commencing with Bucorvus abyssinicus, in which the 
right lobe is larger than the left, the series terminates with 
Buceros coronatus, in which the left lobe is larger than the 
right. The following table shows the relations of the liver 
lobes in such hornbills as have been examined : — 


Bucorvus abyssinicus. K > L. 

Accros nipalcnsis. R > L. 

Buceros bicomis. R > L. 

SpJuigolobus atratus. R > L. 

Bycanistcs subcylindriciis. R > R. 

Buceros plica tus. R = L. 

Buceros rhinoceros. R = L. 

Buceros coronatus. i R < L. 


I have noticed a peculiarity in several species of horn- 
bills which is not found in all other birds. In all birds the 
two lobes of the liver are completely separated from each 
other by the umbilical ligament, which bears the umbilical 
vein (this appeared to be particularly large and well deve- 
loped in all hornbills which have been dissected by me) ; and 
in addition one liver lobe — the right- - is commonly separated 
from the abdomen by a thin membranous septum. In horn- 
bills both lobes of the liver are thus shut off ; I have figured 

' In 'Dichoceros bicomis there is a tendency towards the formation of a 
hypapophysial canal. 
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this condition in Bucorvus abyssinicus ; * it is exactly the 
same in one or two other species which I have subsequently 
studied. 


The Syrinx, Aceros nipalemis . — The last rings of the 
trachea are fused together to form a solid box, at the sides of 
which, however, the individual rings are recognisable. In front 
the last three rings are thus fused, but behind two additional 
rings fuse vrith the others to form a wide and deep bony 
plate. The tracheal rings lying in front of these five show 
the dovetailing arrangement which is so often found in the 
tracheal rings. The pessulus is well developed and bony, 
but, owing to the complete fusion of the tracheal rings both 

posteriorly and anteriorly, 

it is impossible to say 



from which rings it is de- 
veloped. 

The intrinsic muscles 
of the syrinx are attached 
near to the boundary line 
between the last and the 
penultimate tracheal 
rings. 

The bromchial semi- 
rings are cartilaginous, and 
there is a considerable in- 
terval between the first of 
these and the last tracheal 


ring. 

Bucorvus ahyssinicus.—The syrinx of this hombill (hg. 
103) differs in many particulars from the last. The tracheal 
rings are not ossified, and there is no box formed by their 
fusion. Only posteriorly are the penultimate ring and 
the two in front of this fused just at the origin of the 
pessulus ; anteriorly the pessulus is fused with the ante- 
penultimate tracheal ring, which forms with it a three-way 
piece ; the last two tracheal rings do not meet in front- The 


' ‘ Notes on the Visceral Anatomy of Birds. I. On the so-called Omentum,’ 
P. Z, S. 1885, p. 842 ; and above, p. 44, fig. 29. 
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slender syringeal muscles are attached to the anterior margin 
of the last tracheal ring. 

The peculiar-shaped tracheal rings are hardly recognis- 
able until about the fourteenth from the end. 

Buceros rhinoceros has a syrinx which is not very 
different from that of 
Acer os. The same rings 
are fused to form an os- 
sified box ; but the fusion 
between the several rings 
is hardly so extensive as 
in Acer os ; furthermore 
the syringeal muscles are 
attached to the posterior 
border of the last tracheal 
ring. 

In Sphagolohus atra- 

tus there is very little 

fusion between any of Bucorvus ahyssinu 

y ctis. Front View. (Ait'Er Beddard.) 

the last tracheal rings ; 

the last three rings, which alone show any signs of ossification, 
are fused for a very short space anteriorly ; posteriorly there 
is no fusion %t all, and the pessulus can be plainly seen to be 
connected with the antepenultimate ring. Although the last 
tracheal rings are not fused, they are vep^y closely applied 
together, and no membranous interspaces are left. 

Ceratogymna data, which is, like the last, a compara- 
tively small species, has a very similar syrinx ; indeed, I can 
find no differences sufficiently tangible to be described. 

Buceros lunatus and B. hicornis, which are both large 
species, hardly present any differences from B. rhinoceros. 

Bycanistes suhcylindricus has a syrinx which, although 
of about the same size as that of Ceratogymna data, shows 
certain differences which are worth putting on record. In 
the first place, the syrinx is much compressed from side to 
side at the level of the last tracheal ring ; in the second 
place, the last tracheal ring is very much more arched than 
usual ; it forms, indeed, almost a complete semicircle. The 
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intrinsic muscle of the syrinx in this, as in the other smaller 
hombills, is very much larger relatively than in the larger 
species. 

Anthraceros vialayanusy again, is a little different from 
all the types hitherto described. The last tracheal rings are 
but little fused posteriorly ; only the penultimate and ante- 
penultimate rings are so fused, so that it is impossible to be 
certain as to the origin of the pessulus. The intrinsic muscles 
are slender. 

Toccus presents certain peculiarities which I have not 
j^et observed in any other hornbills ; the trachea has two 
pairs of extrinsic muscles, given off about half an inch apart. 
This condition seems to me to be so remarkable that I have 
preserved the specimen w^hich shows it, though unfortunately 
the insertions of the anterior pair of muscles are lost, and I 
have no recollection of wdiere the point of insertion was. 
The intrinsic muscles are relatively small. There appears 
to be no fusion between any of the tracheal rings. 

Cryptornis of the upper Eocene of France is held by 
Milne-Edwards to be a hornbill. 

The family Upupidae * contains only the well-known 
hoopoe (Upupa) and the but little known Irrisor and 
Bh inopo7Tiastws. 

There is a large feathered oil gland, hut the aftershaft is 
absent or rudimentary. There are ten rectrices. 

The feather tracts are narrow. The ventral tract divides 
very early on the neck, and gives off on each side in the 
pectoral region an outer branch. At the base of the neck a 
triserial tract is given off to the humeral tract, and just 
below it a uniserial tract to the patagium. Between the 
outer and inner branches of the ventral tract is a single row 
of feathers. 

The dorsal tract encloses a spindle-shaped space, the 
pterylflB enclosing which are somewhat dilated in the middle. 

‘ Strickland, ‘On the Structnre and Affinities of Upupa and Irrisor,’ Ann. 
Mag, Nat. Hist, xii. (1843), p. 288 ; Murie, * On the Upupidae and their Bela* 
tionships,’ Ibis, (3) iii. 1873, p. 181. 
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The tendon of the tensor patagii longus ' gives off a 
wristward slip ; the main tendon crosses the fore arm. 
There is a cucullaris patagialis, besides slips from the 
pectoralis, but no biceps slip. 

The anconcBus has an attachment to the humerus. 

In the hind limb the formula of the muscles is the 
typical picarian AXY— . The passerine character shown by 
the existence of a well-marked cucullaris propatagialis is 
paralleled in the hind limb by the absence of any vinculum 
between the deep flexor tendons. 

The tongue is short and the intestines are without ccecot. 
The left carotid alone is present. 

There are fourteen cervical vertebra’. The sternifm has 
a single pair of notches or fenestrae and both spinse. The 
skull is pseudo-holorhinal, desmognathous, without vomer 
and basipterygoid processes. 

The conjoined maxillo-palatines are rather delicate fenes- 
trated bones, and the bony palate for a little way in front 
is somewhat vacuolate. The palatines have long postero- 
external angles, which reach back to a point corresponding 
to rather beyond the middle of the pterygoids. 

The lacrymals are small and ankylosed to the skull. 
The ectethmoids are very large plates, and the distal end is 
segmented off, and is apparently the equivalent of the 
os uncinatum of many other birds ; it reaches the jugal. I 
describe the nostrils as pseudo-holorhinal, because, though 
rounded at their extremities, they are unusually long, and 
reach, or very nearly reach, the ends of the nasal processes. 
They are obliterated in the middle by bony alinasals. There 
is a largish median .oramen* a little way above the foramen 
magnum, and a minute one just above the latter. 


‘ Nitzbch and Gieijel, ‘ Zur Anatomie des Wiedehopfs,’ Zeitschr. /. d. gcs, 
Natttrw. X. p. 236. 

* This was present in only one of three specimens, in which also alone the 
08 uncinatum was present. It has a shorter bill and may be a different 
species. 
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MACROCHIRES 

Definition.— 'BAOtTioeUf ten ; oil gland nude ; aftershaft present. Husole 
formula of leg, A ~ . Bxpaxisor seovmdariorum, stemo-ooraooideus, 
and biceps slip absent. Oesoa absent. Manus very long. Sternum 
unnotohed. 

This group of birds contains two well-marked types — 
the humming birds and the swifts,* the former confined to 
America, the latter world- wide in distribution. 

In external characters the generally minute size, the 
frequently brilliant metallic plumage, and the long slender 
bill distinguish the Colibris from the swifts. But Dr. 
Shufeldt has found ^ in a nestling humming bird a bill 
hardly longer than that of a swift. 

The rectrices are ten, and in all these birds the oil 
gland is nude. There is an aftershaft. In the swifts there 
are down feathers upon the apteria ; in the humming birds 
there are not. 

The pterylosis of the group has been chiefly studied by 
Nitzsch, to whose account Dr. Shufeldt has added details 
of value. 

The throat is completely feathered in the swifts, the two 
ventral tracts, however, becoming distinct at the beginning 
of the neck. The ventral tracts widen out in the pectoral 
region, but there is no outer branch or trace of one. The 
narrow dorsal tract bifurcates between the shoulders and 
reunites again to enclose a narrowish spinal space. There 
are well-marked femoral tracts. 

In the humming birds the ventral tract is double up to 
the symphysis of the mandibles, or nearly so ; the dorsal 
tracts are very much wider and form a diamond-shaped patch, 
within which is a very slight dorsal apterion ; there appear 
to be no femoral tracts, and there is a naked space in the 
nape of the neck, dividing the dorsal tract. 

* Giebel, * Ueber einige Eigenthiimlichkeiten in der Organisation der Koli- 
brig,’ Zeitschr,/. d. ges. Natunu. 1. 1877, p. 822; W. K, Parkeii, ‘ On the Sys- 
tematic Position of the Swifts,’ Zool. (3), xiii. 1889, p. 91. 

* ‘ Studies of the Macrochires/ Ac., J. Linn. Soc. 1888. 
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The swifts are among the very few birds which are 
partly quintocubital and partly aquincubital. 

Among the more obvious external characters are the 
magnificent metallic colours which are so usual a feature of 
humming birds. It is on account of the latter character 
mainly that they have been placed in the neighbourhood of 
— or more properly confused with — the Nectariniidse. It is, 
however, practically the universal opinion that these two 
famihes have no near relationship, and the feathers of both 
have been lately submitted to a careful examination by 
Miss Newbiggin.' The metallic colours of humming birds 
occur in both sexes, though more brilliant in the male ; they 
are mainly to be found on the throat and on the head as a 
crest. It has been pointed out that the rapidly vibrating 
wings would destroy all advantage (in sexual selection) of 
the development of these tints upon the wings. The colours 
are of every shade, and gold and red are often present, two 
colours which are not found among the Nectariniidse. The 
striking difference between the two families, however, consists 
in the fact that while the Nectariniidse have the ends of the 
barbs affected by the metallic colour it is the basal part of 
the barbs which is so coloured in the humming birds. 
Hence the barbs have cilia in the latter case and not in the 
former ; for this reason the rectrices in the humming birds 
can show metallic colours and yet not have their efficiency 
as flight feathers destroyed. The interlocking apparatus 
is there in the form of the cilia. The barbs which are 
thus metallically coloured are in both groups of birds 
(and in other birds which show the same kind of colora- 
tion) composed of a series of roof-shaped laminae, in the 
cavities of which the dark brown pigment essential for 
the due production of the metallic colour is located. 
Further details may be found in the interesting memoir 
cited. 

The tensores patagii show a striking resemblance among 

' ‘ Observations on the Metallic Colours of the Troohilida' and the Neota- 
riniidsB,’ P. Z. S. 1896, p. 283. 

Q 
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the swifts and humming birds. In Chmturay Cyp^ehis^ and 
Phaethornis and oth^ humming birds the tensor brevis is 
fleshy for almost its whole extent. In Dendrochelidon 
the tensor brevis has still a larger muscular portion than is 
usual, but the tendon is more evident and has a passerine 
slip to the humerus. In the Trochili, however, the muscle 
is inserted on to a special tendon upon the fore arm,* and 
not on to the extensor metacarpi. In the leg muscles 
the birds of this group agree in only possessing the femoro^ 
caudal of those used by Garrod in his classification ; the 
formula, therefore, is A—. Garrod, however, has left a 
note to the effect that in Chcetura caudacuta the femoro- 
caudal passes through a muscle arising from both pubis 
and ischium, which is thus possibly a combined semitendi- 
nosus and semimembranosus. 

Though the semitendinosus is as a rule absent, there 
seem to be traces of its accessory in a few swifts. Thus 
in Cypseliis alpinus and Chcetura Vaicxi the gastrocnemius 
has an origin between the biceps loop and the main body 
of the sciatic nerve from the femur. 

Another peculiarity in the leg of certain swifts (cf. also 
Phaethon) is the absence of a biceps loop ; but the value of 
this character may be gauged from the following table : — 


Without Biceps Sling 

Chcetura caudacuta 
Panyptila melanoleuca 
Dendrochelidon coronata 
Macropteryx mystacea 


Witlj Biccph Siiiig 

Chcetura spinicauda 
Chcetura zonaris 
Cypseloides fuinigatus 
Cypselus alpinus 


The biceps femoris of humming birds — at any rate of 
Patagona gigas—i^ peculiar in the fact of its being two- 
headed. 

The deep flexor tendons in the swifts vary. In the 
majority of forms the two tendons completely blend; in 


* For Cypseliu muscles see Nitzsch-Giebel, ‘Zur Anatomie d. Mauer- 
schwalbe,’ Zeitschr. /. d. ges, Nat. x. 1857, p. 327. 

* This tendon looks like a degenerate representative of the abductor 
pollicis. 
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Macropteryx, however, Lucas* has described the flexor 
hallucis as going to the first digit only after giving off a vin- 
culum to the tendon of digit IV. As to the humming birds, 
there has been some confusion. It appears, however, that 
the flexor hallucis before going to digit I. gives off a slip to 
flexor communis of digit II., and (according to Gadow^ 
III. and IV. also. 

Both swifts and humming birds have, as a rule, only one 
carotid, the left. The following swifts have two carotids : 
Chretiira rutila (right carotid larger), Cypseloides fumigatus. 
In Micropus ( ? Panyptila) melanoleuca Shufeldt has 
described the left carotid (the only one present) as crossing 
over to the right and being until the middle of the neck free 
of the hypapophysial canal. 

The chief peculiarity of the vascular system concerns the 
femoral vein. In Panyptila melanoleuca and in Ghcctiira 
zonaris the femoral vein, instead of running deep of the 
femoro-caudal muscle, comes to join the sciatic artery and 
nerve immediately it has passed the obturator externus 
superficial to the femoro-caudal tendon ; Cypseloides fumi- 
gatns is the only other swift w^hich has been shown to be 
characterised by this structural abnormality. 

The large size of the heart of the humming birds as 
compared with that of the swifts is commented upon by 
SpUFELDT. 

The syrinx of the swifts is not in any way remarkable ; 
it is tracheo-bronchial, with the usual pair of intrinsic and 
extrinsic muscles. The former are attached (at any rate 
in Chcetura caudacuta) to the first bronchial semi-ring. In 
Cypseloides fiimigatus, however, a sw’ift which is in other 
ways abnormal, there appear to be no intrinsic muscles. 

The humming birds, on the contrary, have an unusual 
form of syrinx, w’hich is remarkable in two ways. 

In the first place the trachea bifurcates very high up in 
the neck, recalling the characteristics of Platalea rosea (see 
below). Each bronchus in Trochilus colubris (according 

' Ibis, 1895, p. 298. Ibid. p. 299. 

a 2 
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to MacGillivray *) has as many as thirty-four rings, which 
are complete and not semi-rings. There seem to be two 
pairs of extrinsic muscles, which form a very prominent 
muscular mass, as in Passeres. Dr. Shufeldt was unable 
to find any stenio-trachealis. 

The tongue in the swifts is short and sagittate, with 
a spiny base. It is constantly bifid at the tip. 

In the humming birds, as is well known, the long tongue is 
tubular, and for its support the hyoids are bent over the top of 
the skulk as in the woodpeckers. The tongue itself * is double 
right down to the unpaired part of the os entoglossum, 
whilst each of the two distal prolongations of the entoglossal 
bone or cartilage is surrounded by a horny sheath, which is 
curled upwards and inwards, in a similar fashion to what 
we have seen in the Nectariniidse. In many species the 
outer and inner edges of these tubes, however, are entire 
and not laciniated. Thus the Trochilidsp have developed 
the highest form of tubular tongue * (Gaoow ^). 

The gizzard of the humming birds is remarkably small ; 
that of the cypselids presents no remarkable characters, 
and Shufeldt has remarked upon the large size of the 
liver in the humming birds as compared with the swifts ; 
in both the right lobe is larger than the left, and there is a 
gall bladder in the swifts. 

Caeca are entirely absent in the MacrocMres.^ The 
following are intestinal measurements of the swifts : — 


Cypselus apvs 
Dendrochelidon coronata 
CJuetura caudacuta 
Cypseliis alpinuH 
Ch(£tura Vauxi , 


6*25 inches. 
4-30 „ 


10 

10 

3*25 


9} 


99 


A careful account of the trochiline and cypseline skeleton 
will be found in a memoir by Shufeldt/ Though this 


* In Audubon ’« Birds of N. America, 

2 * On the Suctorial Apparatus of the Tenuirostres,* P. Z. S. 1888. 

* Crisp, ‘ On some Points relating to the Anatomy of the Humming Bird 
(Trochilus colubris)," P. Z, S, 1862, p. 208, observed a * rudimentary appendix.’ 

* * Contribution to the Comparative Osteology of the Trochilidae, Caprimul- 
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observer is disinclined to allow a very near affinity bettveen 
the birds, it is undeniable that there are resemblances. 

The skull is schizognathous in the humming bird, 
segithognathous in the swifts. But the aegithognathism in 
tile latter is a little abnormal. Garrob has pointed out in 
describing * the osteology of Indicator that that bird, in 
common with the Capitonidae, has a truncated vomer, in 
which the truncation occurs behind the line joining the 
maxillo-palatines, while in the true 
Passeres the truncation is in front of 
this line. The swifts are intermediate, 
the truncation being, as is shown in 
the accompanying figure (fig. 104), 
about on a level with the line joining 
the maxillo-palatines. It is true that 
the lateral processes so characteristic 
of the aegithognathous skull are better 
developed in the swifts than in the 
swallows ; but, on the other hand, it 
must be borne in mind that the un- 
doubtedly aegithognathous Indicator 
is without these processes. In both 
swifts and humming birds the skull is jms imlamdeuciis. Under 
holorhinal and without basipterygoid Shufeldt.) 

. , Cnuc^ pnnnaxilla : maxillo- 

processes. As to the vomer, palatluts: ro, vomer; .V«, 

T-T- - -1 ‘i i IT nasal; IH, palatine; Pt^ ptery- 

Huxley described it as truncated ; goui. 

but Shufelpt finds it to end in an 

excessively fine point. In swifts the vomer is, as already 

stated, truncated. But as to this difference and its value as 

a means of separating the birds cf. the manifold vomer of 

limioolsB. 

The humming birds have fourteen or fifteen {Trochilus 
Alexandri) cervical vertehrce. The Cypselidse have thirteen 
or fourteen. Four ribs * join the steniu7n on each side 

gidae, and Cypselidse,’ P. Z. 5. 1885, p. 886, and 1886, p. 501. See also Zehntnkr, 
‘ Beitrage z. Entwicklung von Cyjoselus melba' Arch, /. Naiurg. Ivi. 1890, p. 189 
(transl. in 1890, p. 196). 

* Loc, cit, (on p. 196.) 
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in both groups of birds. The sternum in both is unnotched 
and broader behind than in front. 

In the fore limb the length of the hand distinguishes 



Via. 106.— Anconal Aspect or Left Fio. 106.— Palmar Aspect ok same 
Humerus of Microhms Tnelanvlrtt- Bone (after Shufeldt). 

cus (after Shufeldt). 

|ineumatif fossa. 


both the families of the Hacrochires, whence, of course, the 
name. The nearest approach in length of hand is shown 
in the swallows, petrels, and, oddly enough, in the penguins. 





Fig. 107. — Anconal Aspect of Left 
Humerus of Trochiliis Alexandri 
(after Shufeldt). 

/?/, pneninatfc fossa. 



Fig. 108 Palmar Aspect of sam. 

Bone (after Shufeldt). 


The humerus in both families is extremely short ; the radial 
crest is well developed in both into a long process which 
curves over the shaft in the Trochilidse, but over the head in 
the swifts. 
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CAPRIMULGI 

Definition, — Anisodaotyle. Oil gland nude.' Beo trices, ten. Aquinto- 
cubital. Aftershaft present. Skull holorhinal. Both carotids 
present. Oesca^ large. Ambiens and accessory femorocaudal 
absent. Deep flexor tendons of type V. 

This group of birds shows a considerable amount of 
structural variation, which allows of the separation of the 
genera into at least two families ; they are, however, all 
united by the characters in the above definition. The 



Fig. 109. — Left Feet of Antrostomus Fig. 110. — Right Foot of Podar^ 
vocifems (Right-hano Fig.) and giis CtivicH (after Sclater). 

Nyctidrmnus albicollis (after 
Sclater). 

external aspect too of these birds, with the \\ddely gaping 
mouth and their generally softly tinted grey and brown 
plumage, enables them to be readily distinguished from other 
groups. 

' Sometimes said to be absent in Podargidse, but Fcrbringer found it in 
liatrachostomus. 

* Absent in ^gotlieles. 
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In the typical Caprimulgidse (fig. 109) the claw of the 
middle toe is serrated and the fourth toe has but four pha- 
langes. There is no serration and five phalanges in others.' 
Thfi, aftershaft is present; in the aberrant Steatomis it is 



Fio. 111.— PowDEB-Dow-N PATCHES OE Podargm (aeteb Sclateb). 


not absent (as Gaeeod asserted). Podargus is remarkable 
for the possession oi powder -down patches, oi which there are 
two, one on either side of the rump (see fig. Ill), first dis- 
covered by Mr. Sclatee.* The patches of this bird are well 
defined and very compact, and have not the diffuse character 
that is seen in, for example, Bhinochetus. Powder downs 
are also found in Batrachostomus and Nyctibius. The 

' Sct.Ai£B, ‘ Notes upon the American Caprimnlgids,’ P. Z. S. 1866, p. 120. 

* ‘ Additional Notes on the Csprimnlgidie,’ ibid. p. 581. 



CAPRIMULGI 


283 


pterylosis has been elaborately described by GaeRob for 
Steatornis ; * so we shall select that bird, though it is, as 



* For notes on Steatornis see, in addition to papers quoted, N. Funck, 
* Notice sur le Steatornis caripensiSy Bull, Ac, Belg, 1844, p. 371 ; F. Stolz- 
MAKN, * Observations sur le Steatornis P6ruvien,’ Bull, Soc, ZooL France^ 
V. 1880, p. 198 ; Humboldt, ‘ Sur le Steatornis' Bull. Soc. Philom, 1817, p. 61 ; 
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already hinted, in many ways an aberrant form as a type. 
The dorsal tract (see fig. 112) gradually narrows as it 
passes down the neck, but the feathers get stronger ; it 
bifurcates between the scapulae to form a well-defined 
fork, which ends ultimately, having become weaker. Between 
this fork, and not connected with the rest of the dorsal tract, 
appears a spear-headed patch of feathers. The ‘ shaft ’ 
of the ‘ spear ’ becomes stronger as it descends to end 
abruptly at the base of the oil gland. The ventral tract 
is narrow between the mandibles ; it is undivided upon the 
neck. At the beginning of the breast it di\udes into a wide 
outer and a narrow inner portion, the latter being more 
strongly feathered. The tw'O converge on each side towards 
the cloacal aperture, but do not reunite. 

In Caprwitdgus^ on the other hand, the ventral tract bifur- 
cates in the neck, and the tw'o ventral tracts are single, and 
there is no such abrupt break between the tw o parts of the 
dorsal tract as has been described above in Steatornis. Nor is 
there in Antrostovius, where there is no narrowing of the pos- 
terior part of the dorsal tract. Nycfidrornus is much the same.* 

The tongue in the goatsuckers is more or less abortive ; in 
Podargus it is a curious tough but transparent membranous 
organ. 

As mentioned in the definition of the group the cceca are 
large ; but as a unique exception J^gotheles seems to be 
entirely without them. In all the genera the left lobe of the 
liver is rather the smaller ; and all, save Chordeiles^ have a 
gall bladder. The intestinal measurements in inches are 
given on the following page. 

The intestim (according to Mitchell) is primitive and 
owl-like, while the cceca are dilated apically, as in owls. 


J. Mubie, ‘Fragmentary Notes on the Guacharo, or Oil Bird,* Ibis (3), iii. p. 81 ; 
L*Hebi£ini£B, ‘M^moire sur le Guacharo/ iii. 1834, p. 821, 

and note ‘ Bar la Classification M^thodique da Guacharo,’ Ac., Rev. Mag. Zool. 
(2), i. p. 321 ; J. Mt^EB, ‘ Ueber die Anatomie des Steatornis caripensis,' M.B. 
k. Ahad. Wise. Berlin, 1841, p. 172, and ‘ Anatomische Bemerkungen fiber den 
Goacharo,* Arch. f. Anat. u. Phys. 1842, p. 1. 

' For further details of feathering see Cl4bk, ‘ The Pterylography of certain 
American Goatsuckers and Owls,* Proc. U. S. Nat Mua. xvii. 661. 
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Nyctidromm albicollis , 

Caprimxdgus europaus 
11 11 
Chordeiles texemis 
Podargtis Cuvieri . 
Steatornis caripensis 


1&5 

9-6 

7 

16 

18*5 *2 


The syrinx is highly characteristic in the Caprimulgi. 
Like the nearly related (?) cuckoos, we have both the 
tracheo-bronchial and the purely bronchial syrinx. In- 
deed, the stages are almost identical in the two groups. 
Cuculus and Caprimulgus correspond with a tracheo-bronchial 
syrinx ; then we have Centropus and Podargus, and finally 
the culmination in Crotophaga and , ^ 

Steatornis of a syrinx furnished with U 

a membrana tympaniformis, which H 

does not commence until many rings m 

below the bifurcation of the tube, 

the intrinsic muscles being attached 

to the first ring which borders upon 

it. It will be necessary to describe 

the various syringes in some detail ; 

they have been studied and figured 

by myself. ’ In Nyctidromus alhicoU 

lis, which will serve as a type of the 7 ' 

tracheo-bronchial syrinx which ex- Fi«. ii3 .— Syrinx of Nycti- 

ists in the Caprimulgidae {s.s.), the (after 

last four tracheal rings are closely 

applied in contradistinction to the preceding, which are 
separated by copious membranous intervals. The last two 
tracheal and the first five bronchial semi-rings are ossified. 
To the first of the latter are attacliied the intrinsic muscles. 
In Batrachostomus we have the intermediate type of syrinx, 
which may, however, be called bronchial. The first six 
bronchial semi-rings and the last three tracheal are ossified, 

' * On the Syrinx and other Points in the Anatomy of the Caprimulgidn,’ 
P. Z. 8. 1886, p. 147. 
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and bear much resemblance to each other, which will be 
apparent from the illustration (fig. 115). 

The intrinsic muscles are attached to the seventh bron- 
chial ring, which is soft and cartilaginous ; where the bronchial 
rings change their character is a constriction of the mem- 
brana tympaniformis ; it is, however, of equal breadth before 
and after the change. In Podargus Cuvieri there is a further 
approach to the purely bronchial syrinx of Steatornis, The 




Fio. 114.— Sybinx of ^gotheles Fio. 115 .~Syrinx of Batracho8tatnii.H 

(after Beddard). (after Beddard). 

first two bronchial rings are complete. These and the four- 
teen following are closely applied to each other and ossified. 
The intrinsic muscles are attached to the last of this series. 
Mgotheles really belongs to this section of the Caprimulgi, 
though the intrinsic muscles are attached very high up upon 
the bronchi ; but the two rings immediately preceding the 
attachment are complete rings. The final development of 
the bronchial syrinx is seen in Steatornis (see fig. 48, p. 69), 
where all the rings in front of the attachment of the intrinsic 
muscles low down upon the bronchi are closed and complete 
rings, as in Crotophaga. 

The tensor patagii shows certain differences among the 
goatsuckers. In the genera Caprimulgus, Nyctidromus, and 
Chordeiles there is a biceps slipy absent in the rest. Of 
these three genera the arrangement of the tendon is shown 
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in the annexed cut (fig. 116). Steatornis, as will be seen 
(fig. 117), hardly differs, and Podargus agrees with it. In 
Mgotheles there is a slight difference in that there is hardly 
any trace of the wristward branch of the tendon. Steatornis 
has an expansor secundariorum, apparently absent among 
the other genera. The muscle is attached to the teres by its 
long tendon. The insertion of the deltoid is extensive, and 
it receives a tendon from the scapula. In many Caprimul- 
gidae the biceps is split for some distance before its insertion, 
the bifidity even invading the muscle itself and not being 



Fig. 116 . “Pai agial Mi scles of Fig. 117 . — Corresponding Muscles 
Cairrimulgus (after Garkod). of Steatornis^ but of Left Wing 

rf, deltoid ; 6, bioepe ; /», bumerus ; tph^ teu« (AFTER Garbod). 

»or patagil brevis ; ecr, extensor caqd radialis. triceps. Other letters as in fig. 116. 


limited to its tendon. In Podargus Furbringee describes 
a special slip of rhomboideus profundus, arising separately 
from ilium. The anconceus has a tendinous humeral head. 
In the thigh the muscle formula is either AXY — (most Capri- 
mulgi) orXY— (Steatornis). The tibialis anticus tendon of 
Podargus is double. The glutaeus I, extends over biceps in 
Nyctidromus, See., not in .3Sgotheles, No glutseus V. There 
are sometimes both and sometimes only one of the two 
peroneals present. In Steatornis and Mgotheles only the 
brevis is to be found, in Nyctidromus only the longus ; in 
Podargus both. 
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The goatsuckers have by no means a uniform skull 
structure. 

In Caprimulgus ‘ the skull may be termed schizognathous. 
The palatines are enormously expanded, and between their 
posterior extremities (not indicated in the figure) are a small 
anterior and posterior medio-palatine, a state of affairs recall- 
ing the Picidse (q.v.) The vomer is a long bone, distinctly 
paired in the young bird, rounded in front. It articulates 



Fio. 118. — Skull op Caprimulfjns (.\fter Huxley). 

Pmx^ pr«maxilla ; Mxp, maxillo-polatliie ; To, vomer ; /'/, palatine ; l*t, ptcryfroiJ. 

with the hook-like maxillo-palatines. Each of the latter is 
connected by a ligament with the internal forward process of 
the palatine of its own side^ the hinder part of which is 
largely ossified. The basipterygoid processes are well de- 
veloped. The lacrymal is large and ‘ binds upon the zygoma.* 
The ectethmoids are attached to the broad outer flange of 
the palatines by a cartilaginous prolongation. 

' Pabkeb, ‘ On the Structure and Development of the Bird’s Skull,* Lmn* 
Tr. (2), i. 
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In Chordeiles ‘ the skull is much upon the same plan, 
but the maxillo-palatines meet in the middle line, and may 
even become ankylosed. 

The skull is thus desmognathous, in fact. In C. virgi- 
nianus, however, the bones do not meet. 

The skull of Nyctibius jamaicetisis (see fig. 119), de- 
scribed by Huxley, is not widely different from that of Capri- 
mulgus. The ligaments which unite the inner angle of the 




Fi(». 119 .— Fore Part of Skull of 
Nyctibius jamaicensis (after 
Huxley). 

prelrontal process. Otlier letters as in fiR. 1 18. 

palatine to the maxillo-palatines are, however, completely 
ossified. 

In Podargus ^ the skull is completely doubly desmo- 
gnathous. The basipterygoid processes are quite rudimentary. 
There are two small azygous vomers. The palatines have 
coalesced in the middle line. The lacrymal is small, if not 
absent. 

The skull of Steatornis has been described, with figures, 

* Shufeldt, ‘ On the Osteology of the Trochilidte,' 1\ Z. S, 1885, 
p. 891. 

Parker, toe. cit p. 124 (with figs, on PI. xxiii.) 


Fig. 120.— Skull of Steatornis 
(after Huxley). 
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by Gaerod,' and more recently and more fully (also with 
illustration) by Parker.* The skull is quite owl-like in 
general aspect with its decurved beak, and in the equality 
between greatest length and greatest breadth. The lacrymal 
is very small and is ankylosed to the orbital wall. The 



Fio. 121.— Skull of Podargus (aftek Huxley). Letterb 
AS IN Flo. 118. 

maxillo-palatines are completely fused across the middle 
line, the skull being desmognathous. The palatines also in 
their middle part meet across the middle line. The vomer 
is divided into two parts, one lying behind the other. The 
anterior part is small, like the posterior part ; they both 
measure 6.6 mm. The posterior vomer is probably the 
equivalent of the medio-palatine of Caprimulgus and other 
birds. The basipterygoid processes are well developed. The 

* ‘ On some Points in the Anatomj of Steatomis* P. Z. S. 1878, p. 526. 

* * On the Osteology of SUatomu caripenHs,^ ibid. 1889, p. 161. 
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ectethmoids are continued on to the quadrato- jugal bar by a. 
distinct ossified os uncinatmn, as in Todus, Scythrops, 
Musophagidae, Piaya cayana, Cariama, and Procellariidae. 
The relations between the procoracoid and the clavicle vary 
somewhat. In Podargus the process is large and reaches 



Fio. 122.— Steiincm Fio. 12H.— Sternum of Fig. 124.— Sternum 

OF Capnmulgus Podargus (after of Ngctibius (after 

(after Sclater), Sclater). Scrater). 


clavicle ; it is small and does not in Steatornis and 
Caprimulgus. 

The number of cervical vertehrce varies from thirteen 
(Chordeiles) to fifteen [Steatornis). Parker has commented 
upon the fact that in Steatornis the atlas, instead of being, 
as is the rule among birds presumably allied to it, perforated 
below for the reception of the odontoid process, is merely 
deeply notched for the same. In Steatornis the dorsal 
vertebree are opisthocoelous, as among the parrots alone 
among probable allies. It is the rule among the Caprimulgi 
for four ribs to reach the sternum. The sternum itself is 
one-notched on each side in Steatornis, &c. It has four 
foramina in JEgotheles, and is doubly notched on each side 

R 
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in Podargus. The spina externa is developed and slightly 
bifurcate in Steatornis. There is no spina interna. 

In view of the considerable variation in structure ex- 
hibited by the group, the following tabular statement may 
be of use. 
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There can be little doubt» from a consideration of the 
above table, of the naturalness of a family Caprimulgida^ to 
include the last four genera. In these forms, in all of them, 
the toes are aberrant in that the last has only four phalanges, 
and further that the claw of the middle one is serrated. 

It will be noticed from the table that the amount of 
structural variation among the Caprimulgidfe (s..9.) is exceed- 
ingly small, the only character, indeed, of those selected 
which varies being the gall bladder, which is absent in 
Chordeiles, and shows signs of commencing disappearance 
by its small size in some of the others. We might, perhaps, 
add the desmognathism of Chordeiles ; but this is obviously 
but a slight exaggeration of the jegithognathous palate of 
the others. The enormous length of the second primary of 
Macrodipteryx and Cosmetorjiis is a variation which does not 
appear to be of great importance from a classificatory point 
of view. 

The remaining genera are by no means so uniform a 
group as that which those that have been already considered 
form. In all of them, however (so far as is known), the 
biceps slip is absent, the glutaeus primus is of limited extent, 


* See Blyth in Ihis, 1866, p. 857. 
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the skull is desmognathous, the syrinx is bronchial (least 
marked in Mgotheles) , and the outer toe has five phalanges, 
while the middle toe has no serration. This is a fair 
assemblage of identical characters. It is usual for Steatornis 
to be separated as a distinct family from the Podargidae, as 
has been done by Gadow. It differs from Podargiis in 
seven out of the thirteen characters made use of in the 
above table. It is often supposed that the Guacharo is 
peculiar among goatsuckers by reason of its vegetable diet ; 
but Newton states in his ‘ Dictionary of Birds * that the 
Podargid® also partl}^ nourish themselves on fruit. More- 
over J^gothelcs, which is by universal consent placed in the 
immediate neighbourhood of Podargas, differs from that 
genus in four out of the thirteen characters, and from Stea- 
tornis in exactly the same number. It appears possible to 
I)lace all these genera in one family, which, on account of its 
greater antiquity, has had time to vary more than the Capri- 
mulgida\ It is also among members of this family that the 
greatest number of points of affinity to the owls is met with, 
a further argument in favour of their basal position. 

The relationship of the Caprimulgi to other groups is a 
puzzle hard of solution. This is partly, perhaps, due to the 
fact that the goatsuckers are probably a somewhat ancient 
group. That they are an ancient group seems to be shown 
,by the considerable amount of specialisation of structure 
which they exhibit, by the primitive character of the 
intestinal folds — the c^eca being at the same time well 
developed — by the double carotids, and by their wide distri- 
bution, with a restriction in range of some peculiar types, 
such as Steatornis. 

The remarkable series of modifications of the syrinx is 
one of the most striking facts in the anatomy of the group. 
They share this with the Caouli, and, though to a less extent, 
with the Striges. It is, indeed, with this latter group that 
the goatsuckers seem to be most nearly allied. This con- 
clusion, which is in harmony with much recent opinion, is 
curious in view of the external likenesses * which bind 

* For instance, the * ears ’ of certain Podargidae and of Ly'ficomis. It is a 
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together the two groups of birds, likenesses which might 
fairly be put down to similarity of habit. These superficial 
resemblances are, however, enforced by more deep-lying 
structural similarities. Mitchell has found that of the 
various groups which may be supposed reasonably to be 
allied to the Caprimulgi the owls come nearest to them in 
the primitive character of the gut, while the cieca, swollen 
at the ends, are alike in both. The owls too are nearly the 
only other Coraciiform birds besides the Caprixnulgi which 
have well-developed basipterygoid processes. The trogons, 
it is true, possess them, but then they differ in many other 
important particulars. 


STRIOES 

Definition. — Oil gland nude.* Aquincubital. Both carotids present, 
Cffioa well developed, ending in a dilatation. Skull desmogna- 
thous and holorhinal, with basipterygoid processes. No ambiens, 
semitendinosus, accessory femoro-caudal, biceps slip, or expansor 
seoundariorum. 

The owls, fonneriy associated with the Accipitres and 
termed ‘ Accipitres nocturna%' or ‘ Nyctharpages,’ are now* 
generally placed by themselves aw ay from the hawks and 
in the neighbourhood of some of the birds comprised under 
the term ‘ picarian.’ The group itself is characterised by 
a great uniformity of structure, and by the possession, so to 
speak, of so many negative characters. The resemblances 
to the hawks are really only in habits and in beak and claw\ 
These, however, will be dealt with more fully later. 

The owds comprise a considerable number of genera, of 
which Strix stands rather apart from the rest, having as 
near neighbours the Eastern PhotodiluH ^ and the Madagas- 
car Heliodilus.^ 

curious coincidence that the term ‘ morepork ’ is applied to Podargus in Australia, 
and in New Zealand to an owl, Spiloglatix Not'ce-Zelandim (fide Newton, Diet, 
of Birds ^ sub voce ‘ Morepork ’). 

* Except Strix and Asia otus. 

* Bepuabd, * On Photodilus badius^* IbiSj 1890, p. 298. 

* Milns-Edwabdb, ‘ Observations sur les Aflinit^s Zoologiques,’ &c., Nouv. 
Arch. Mus. (2), i. 1878, and in Hist. Nat. de Madagascar. See also R. B. Shakte, 
‘ A Note on HeliodUus,* P. Z, S. 1879, p. 175. 
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It is often given as a character of the owls (and as a bond 
of union with Pandion) that there is no after shaft. There 
is, however, a small one in Strix. As a rule the oil gland 
is nude, but Nitzsch gives as a constant character of Hybris 

Strix) the presence of two minute feathers upon the apex 
of that gland ; in Asia otus too there are two or three small 
down feathers upon the apex of the oil gland — all of which 
facts seem to indicate a comparatively recent loss of the 
apical tuft so often found in birds. 

The rect rices are invariably twelve in number, except in 
Micropallas, where there are but tend A singular external 
character of the owls, carefully gone into by Kaup,*^ concerns 
the asymmetry of the ears ; with this is sometimes corre- 
lated an asymmetry of the skull in the region of the ear.*^ 

The tensores patagii of the owls ^ are on the whole 
simple. In none of them is there a biceps slip. Very rarely 
is there a recurrent tendon uniting the insertion of the 
brevis with the longus {patagial fan). This occurs, how- 
ever, in Strix Novcc Hollandke (? always), S. flammea 
(occasionally), and S. pratincola (? always). Something of 
the same kind is found in Sijrniuin aluco, where, how’ever, 
the connection is between the tendon of the longus, 
just at its origin, and the inner of the two branches of the 
brevis. In most owls {Bubo maciilosus, Scops leucotis, 
•Pulsatrix torquata, Athene noctua, Strix, Syrniuni nebu- 
losam) the tensor brevis sends off a wristward slip not far 
from insertion of main tendon ; the latter alone crosses the 
fore arm to be inserted on to ulna. 

In Scops Lempiji, S- Asia, Asia otus, Kctupa javanensis, 
Otus vulgaris, Bubo ascalaphus, and Nyctea tiivea, there is 
an additional posterior brevis tendon, arising separately from 
the muscle. This latter tendon sometimes in Otus vulgaris 
is connected with the middle one. 

* Fide Clark, ‘ On the Pterylography of certain American Goatsuckers and 
Owls,’ Proc. U. S. Nat. Mm. xvii. p, 551. 

* A monograph of the Strigidee, Zool. Trans, iv. 

* Cf. Collett, ‘ On the Asymmetry of the Skull in Strix Tengmalmi,' 
P. Z. S. 1870, p. 789. 

* D’Alton, De Strigum Musculis Cmimentaiio, Halis, 1837 ; Heusinger, 
Arch, f, Phys* vii. 1822. 
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In Asia otus there is a flesh}^ slip from pectoral to 
loDgus tendon, and a fibrous slip from humerus to patagial 
muscle just at origin of innermost brevis tendon. In Scops 
Lempiji there are muscular slips to both longus and brevis 
from the pectoral, and a fibrous slip from the humerus to 
the longus tendon just at its origin. 

The humeral origin of the anconmis is always present. 

There is never an expansot' secundarioruviy so far as 
is known. 

The pectoralis privms is not at all double. 

The only one of the leg viuscles used by Garrod in 
classification that is present is the femoro-caudal, the 
formula thus being A — . Gluta^us I. is absent, glutspus V. 
small. In Ketiipa javanensis, however, V. is absent and I. not 
quite so. Only one peroneal muscle is present, which is 
attached to head of metacarpal. The tendon of insertion of 
the tibialis anficus is divided ; in Pulsatrix I found it to 
be trifid at insertion, and even the muscle itself was divided 
into tw'o for a short distance. 

The deep flexor tendons are of type I. In Ketupa 
ceylonensis the two tendons blend a quarter of the way down 
the tarso-metatarsus ; though blended the fibres can be 
recognised, and it may be seen that those of flexor hallucis 
mainly supply digits I., II., a small part onlj^ to rest of com- 
mon tendon. 
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The colic caeca are always (fig. 125) dilated at the blind 
end. The liver lobes are subequal, and the gall bladder 
appears to be always present.* 

The skull of the owls shows some differences in Strix 
from the characters which distinguish the majority of the 
group. 

In Strix the skull is elongate, the proportions being in 
Strix flammca 56 length : 36 
breadth. In another species 
(Strix sp. inc.) 62 : 37*5. 

On the other hand in other 
owls the differences between 
breadth and length show gra- 
dually progressive series, cul- 
minating in Speotyto cunicu- 
/ana, in which the proportions 
are nearly equal, viz. 38 : 37. 

The skull of Strix further 
differs from that of other owls 
in the swollen character of 
the prefrontal processes, 
which are thin, almost paper- 
like sheets of bone in other 
owls. The interorbital septum 
qf Strix is thick, while in the 
remaining genera it is reduced 
to a thin dividing lamina, as is 
the case w ith most birds. The 
skull characters of the genus 
Photodilus are to some extent 

intermediate between Strix and the remaining genera of the 
Striges. The interorbital septum of Photodilus is not 
so thick as in Strix, but, on the other hand, not so thin as in 
other owls, as, for example, Buho, The prefrontals, although 
not so sw’ollen as in Strix, are not nearly so flattened as they 

‘ Absent in Speotyto ; cf. Shufeldt, ‘ Notes on the Anatomy of Speotyto,^ 
Joum. Morph, iii. 1889, p. 122. 

See for certain details of skull structure Pabkeb, Linn, Trans, (2), i. p. 138. 
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are in Bubo^ where, as already explained, they are thin 
plates, hardly thicker than a piece of paper. So far Photo- 
dilus agrees with Strix ; but there are points in which the 
skull of this aberrant owl is nearer to the bubonine section 
of the order. It has not the occipital convexities which are 
so striking a feature of the skull of Strix, Finally Photodilus 
is strigine in the non-extension over the occcipital region of 
the temporal fossie, which do so extend in many of the 
Bubonidae. In Strix there is but one notch on either side 



Fig. 126. — Skulls of Strix (Left-iiam> Fiouri^) and Bulw 
(aftkr Beddard). 
prefrontal process ; H', maxillo-iMUfttiiies. 


of the sternum ; in other owls, including Photodilus, there 
are two. The vomer of the owls is not large,* and behind it 
there is a medio-palatine, at least occasionally present. 

The lacrymals, like the maxillo-palatines, with which 
they come into contact, are swollen and spongy. The 
nostrils are often partly covered by ossified alinasals, and 
there is a largely bony intemasal septum. 


Said hy Shufeldt to b© absent in Speotyto, 
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In the foot of Strix (see fig. 127) the first phalanx of digit 
III. is much less than the second in length ; in most other 
owls (fig. 128) these two phalanges are small and subequal ; 
Photodilus is intermediate. The latter genus has the pecu- 
liarity that the last digit has only four phalanges instead 
of five, the two basal ones being fused. 

The number of cervical vertebrae does not appear to vary. 



I have found fourteen in Strix, Photodilus, Ketupa, and 
other genera which I have examined. In Bubo hengalensis 
the ring of the atlas is incomplete above ; the significance of 
the occurrence of this same deficiency in Pandion is largely 
lost, owing to the fact that Cariaina is similarly characterised. 
The haemapophyses in Ketupa javanensis commence as 
single processes on Cll, and extend to D3 ; on CIO is a 
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bifid hypapophysis, and on C9 the catapophyses nearly form 
a canal. Posterior catapophyses begin on C12, whence they 
gradually climb the hypapophyses. Bubo bengalensis is 
much the same, save that there is not a bifid heemapophysis 



Fio. 128. — Left Foot of Bxibo (after Beooabo). 


on 10. In Strix the catapophyses on C9 are distant. Photo- 
dihis is like Ketupa. 

To the sternum, which is one-notched in Strix and two- 
notched in other owls, five ribs are attached. Dr. CoUES ' 


Key to N, American Birds. 



STRIGES 


251 


has mentioned the existence among the Striges of a ‘ scapula 
accessoria.’ The coracoids are not in contact at their articu- 
lation with sternum ; the procoracoids are moderately large, 
and the clavicle reaches both them and the scapula. 

If it were not for Photodilus, it might be possible to 
divide the Striges into two families, Strigidae and Bubonidae. 
As it is, it may perhaps be permissible to regard the order as 
containing but one family, but tw'o sub-families, viz. Striginae 



Fig. Syhin'x of Scojm Iciicotis 

(AFTEK BeD1)AK1>). 



Fig. 130. — Syrinx of Bubo 
(after Bedparp). 


and Bubonina*, to which possibly a third, Photodilinae, might 
be added. 

The syrinx of the Striges has been chiefly described by 
WiiNDEKLic'H ‘ and by myself.**^ This group is one of the 
few that present the remarkable variety of the voice organ 
which has been termed the bronchial syrinx. All the owls, 
so far as they have been examined, possess one pair of 
intrinsic muscles and the usual one pair of extrinsic muscles. 
Scops leucotis has the most modified syrinx. In this bird 
(see fig. 129) the intrinsic muscles are attached so far down 
the bronchus as to the tenth bronchial ring, and, as will be 

* ‘ Beitrage zur vergleiohenden Anatomie und Entwicklungsgeschichte deti 
unteren Kehlkopfes der VOgel,* Nov, Act, Leop. Akad. xlviii. 1884, p. 1. 

* * On the Classification of the Striges,’ Ibis (5), vi. p, 355. 
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seen from the figure, the bronchial rings in front of this 
attachment are complete rings, with no membranous inter- 
space left. In Strix, on the other hand, and in Bubo and 
Stjr7imm, the intrinsic muscles are inserted on to the first 
bronchial semi-ring. In Asio seven complete rings intervene 
between the bifurcation of the trachea and the first incom- 
plete bronchial semi-ring, to which the muscles are attached. 
In Photodilus the intrinsic muscles are inserted on to the 
second bronchial semi-ring. 

Until lately the owls have been almost invariably placed 
in the immediate neighbourhood of the diurnal birds of prey. 
Latterly, however, the opinion has been gaining ground that 
it is to thepicarian birds (in a wide sense) that they are most 
nearly allied. This opinion, more than hinted at by Gakuod 
and Newton, has been given a practical shape in tlie classi- 
fications of Fubbrixger and Gadow. The latter has in- 
geniously pointed out that it is impossible to imagine that 
the Striges have been derived from the Accipitres, since, 
although without an ambiens, they have much the same 
structure of foot as the Accipitres tvith an ambiens. Hence 
it is dijdicult to believe that they would have lost it ; be con- 
cludes that they are derived from some bird without an 
ambiens, and the failure of Mitchell to find the last trace 
of the missing ambiens — obvious in some birds wliich are 
clearly the descendants of birds with an ambiens —still 
further supports that way of looking at the matter. Even 
in the skull, where the principal likenesses between the 
Accipitres diurnae and nocturiue (as the two groups in 
question have been called) have been seen, there are really 
many differences. It is only, for example, in the skulls of 
those Accipitres to which the owls have been supposed to 
have the least resemblance, i,e. the Cathartidae and Serpen- 
tariidae, that there are basipterygoid processes. The owls 
are decidedly not desmognathous (in the sense of a maxillo- 
palatine union), and their lacrymal is quite different from 
that of the hawks and eagles. The palate, too, is incom- 
plete in front of the maxillo-palatines, not solid, as in the 
Accipitres. As to other anatomical features, it is harder to 
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find likenesses than dififerences. The Accipitres have rudi- 
mentary caeca, a biceps slip, the expansor secundariorum, a 
tufted oil gland, an aftershaft (except Pandion) ; the deep 
flexor tendons are different, and, in short, the differences are 
as great as those which separate any two groups of carinate 
birds. ^ 


PSITTACI 

Dcfinitio7i . — Twelve reotricee;* aftershaft present; aquintooubi- 
tal ; zygodaotyle. Skull desmo^matbous, bolorbinal, with- 
out baaipterygoid processes. Biceps sUp and expansor se- 
cundariorum absent.^ Muscle formula, AXY + or — . No 
caeca ; a crop present. 


The parrots are an almost cosmopolitan group, being 
most abundant, however, in the tropics. Count Salvadori, 
in his British Museum catalogue of the group, allows five 
hundred species, distributed among seventy-nine genera. 
The parrots are a very sharply defined group, there being 
no dubious outlying forms. They are usually brilliantly 
coloured, and lay white eggs in hollows of trees. With the 
exception of the owl parrakeet {Stringops) of New Zealand 
the parrots are arboreal birds, as, indeed, the zygodactyle feet 
denote. As to external characters, the exaggeratedly hawk- 
like bill is well known. The almost universal twelve 
rectrices distinguish the group, but in other external and 
internal characters the parrots show considerable diversity 
of structure, as is sometimes the case with large and widely 
distributed groups ; compare, for instance, the pigeons, which 
present many other analogies to the parrots. 

The oil gland* is a structure which may be wanting or 
developed. The table on p. 268 indicates some of the genera 

' Sec also under ‘ Caprimulgi,’ p. 243. 

* With the sole exception (cf. Gai>ow) of Or€op$ittacus ArfakL 

* See below, p. 261. 

* External characters and many other points in the anatomy of parrots are 
dealt with by Garrod, ‘ On some Points in the Anatomy of the Parrots,* Ac., 
P. Z. S, 1874, p. 247, and ‘Notes on the Anatomy of certain Parrots,* ibid. 
1876, p. 61) 1 ; see also Forbes, ‘ On the Systematic Position of the Genus 
Lathamua,' ibid. 1879, p. 166. 
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in which it is present or absent. When present it is in- 
variably tufted, and generally of fair size. In Cacatua suU 
phurea, however, the oil gland, though present, is small, and 
has but a single small down feather upon it. 

The parrots are a group of birds which agree w'ith the 
Accipitres in that some genera have powder-doion patches 
while others have not. • The table already referred to indi- 
cates the facts so far as they have been ascertained. The 
degree of development of the powder-downs, however, differs 
considerably, though in no parrot is there more than a single 
pair of definite powder-downs which are lumbar in position. 
In Cacatua sulphiirea^ for instance, there are a pair of such 
patches, one on either side of the dorsal tract. These send 
up a few’ scattered powder-down feathers as far forw’ard as 
the neck, and a few’ to carinal spaces and betw’een the 
branches of the ventral tract. 

In Calopsitta Novce HoUandice there are the same lumbar 
patches of a reniform outline ; but the powder-dowms are 
entirely confined to this region of the body. 

Calyptorhynchus stellatiis is more like Cacatua^ but the 
lumbar patch is not so well developed. 

In Psittacula passerina there are lumbar patches more 
elongated but narrower than those of the parrots already 
referred to ; there are also scattered powder-dow’us not 
aggregated into patches. 

Brotogerys tirica has no defined patches, but simply a 
few scattered powder-dowms, which, however, are more nume- 
rous in the lumbar regions. In Coracopsisy Chrysotisy and 
Fionas there are the same generally diffused powder-down 
feathers not aggregated into definite tracts. The same may 
be said generally of Psittacusy though such powder-downs as 
there are are limited to the lumbar region. 

The general pterylosis of the parrots is as follows : From 
the general covering of the head arises a narrow dorsal tract, 
which bifurcates in the interscapular region. Between the 
arms of this fork are the arms of another fork, which unite 
near the oil gland to form the single straight, short posterior 
part of the dorsal tract. On the ventral surface the tract is 
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single, or double on the neck, and where it widens out on 
either side of the carina sterni a strongly feathered lateral 
branch is given off. 

The variations shown in the pterylosis are not great. 
They concern the more or less definite separation of the 
lateral ventral tract and the slighter or more pronounced fea- 
thering of the anterior end of the posterior dorsal Y, Thus 
in Lathamus and Platycercm the lateral ventral tracts are 
well marked, and the posterior fork of the dorsal tract does 
not diminish much in width where it comes into contact 
with the anterior fork. In Trichoglossus the exact reverse 
of these conditions obtains, the lateral ventral tracts being but 
obscurely delimited from the main tract, and the dorsal tracts 
of the hinder part of the body almost ceasing before their 
junction with the anterior half. 

Psephotics, C ya norhamphus , PyrrhiUopsiSyAgapornis, &c., 
agree with Platycercm. In Ara the outer branch of the 
pectoral tract is not definitely separable, but the dorsal tracts 
are more like those of Platycercus. Coiiuriis is much the 
same. 

The fiijriux of the Psittaci ^ seems to show two main 
varieties. 

a. In the following species there is a syrinx of the type 
which will be described immediately : — 

Cacatua cristata. 

„ triton. 

,, PhiUppinarum. 

Microglossa aterrima. 

Calyptorhynchus Banksi. 

Stringops hahroptilus. 

The syrinx is in these species remarkable for the fact that 
the first semi-rings of the bronchi are weak and cartilaginous, 
and are usually separated from each other by considerable 
tracts of membrane. Cacatua itself represents the most ex- 

' The syrinx has been chiefly studied by Giebel, * Zur Anatomic der 
Papageien,' Zeitachr* f. d, ges. Wiss. xix. p. 183, and by Parsons and myself, 
* On certain Points in the Anatomy of Parrots,* <fec., P* Z. S. 1893, p. 507. 



256 gTRUCTUKE AND CLASSIFICATION OF BIRDS 

treme type ; in Cacatua cristata, for example, when the syrinx 
is seen on a lateral view the membrane occupies a great deal 
of the outer lateral region of the commencement of the 
bronchus. 

The semi-rings of the bronchus are at first very small, and 
do not extend across the side of the bronchus ; they gradu- 
ally increase in length, until at the sixth or seventh they 
come to extend right across the syrinx. In Microglossa 
aterrima the syrinx is in certain respects less abnormal ; 
the rings are still feeble, but on a lateral view of the organ 
they extend completely across, and there is on such a 
view no bare tract of membrane, such as we have figured 
in Cacatua, 

Calyptorhynclius Banksi is intermediate between the 
two extremes ; the first semi-ring only is incomplete, inas- 
much as it does not reach from one side of the 8}Tinx to 
the other — or rather we should say from the anterior to the 
posterior side. 

Strmgops habroptilus has the same weak cartilaginous 
bronchial semi-rings ; but on a lateral view of the syrinx they 
are seen to extend right across. 

b. The second group contains the following genera : — 

Ch rysotis . Ta nyg na thus . 

Pyrrhulopsis. Eos. 

Trichoglossus. Poly teles. « 

Lorius. Platycercus. 

Pionus. Pceocephalus. 

Psittacus. 

These genera are differentiated from those of the first 
division by the fact that the bronchial semi-rings are as a rule 
ossified, and are frequently more or less fused together ; at 
the same time the first ring is commonly concave upwards, 
whereas in the parrots of the first-mentioned group the 
bronchial semi-rings are straight. 

The most extreme type is perhaps off^ed by Chrysotis ; 
of this genus I have seeu the following species : — 
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ChrysoHs versicolor. Chrysotis Bodin. 

„ erythrura. „ viridigenalu. 

n leucocephala . ,, Levaillanti. 

In all these species the first two rings of the bronchus 
are closely fused together, and form a bowed piece of bone 
forming with the last tracheal ring a semicircular outline; the 
space between the two is, of course, occupied by membrane* 
In Chrysotis Levaillanti, for instance — and there is no great 
difference in the other species — the double character of the 
apparently single first bronchial semi-ring is only to be seen 
at the two ends. In a number of other parrots the first 
bronchial semi-ring is larger than that which follows, though 
not fused with it ; this is the case with Trichoglossus, 
Pyrrhulopsis, and Chalcopsitta ; the genera Eos, Polyteles, 
Platycercus, and Tanygnathus have syringes which are con- 
structed on the same plan. In Conurus there is a little 
difference ; here the first two rings of the bronchus are equi- 
sized ; this at any rate applies to the two species Conurus 
aureus and Conurus cruentatus, w^hich are the only two that 
we have examined from this point of view. The genus Ara 
(species Ara Leari, Ara militaris) agrees with Co7iurus. 
Psittacus is like these genera ; but Pionus agrees more closely 
with Chrysotis. 

It will be obvious that no hard and fast line can really 
]5e drawn between the two groups of parrots ; if it were 
thought desirable to draw such a line, it would be between 
the genus Cacatua on the one hand and all the remaining 
parrots on the other. Cacatua alone has a syrinx in which 
the first bronchial semi-rings are incomplete, leaving a bare 
tract laterally which is easily visible when the syrinx is 
viewed from the side : but in this genus there is another 
peculiarity — the intrinsic muscle of the syrinx ends in a very 
narrow point, which passes into a fine tendon of attachment ; 
in Chrysotis, Eos, &c., the muscle is comparatively broad 
down to its actual attachment. In this particular Micro- 
glossa and Stringops agree with Cacatua, although they do 
not show the incomplete rings that have been mentioned as* 

s 
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treme type ; in Cacatua cristatUy for example, when the syrinx 
is seen on a lateral view the membrane occupies a great deal 
of the outer lateral region of the commencement of the 
bronchus. 

The semi-rings of the bronchus are at first very small, and 
do not extend across the side of the bronchus ; they gradu- 
ally increase in length, until at the sixth or seventh they 
come to extend right across the syrinx. In Microglossa 
aterrim^i the syrinx is in certain respects less abnormal ; 
the rings are still feeble, but on a lateral view of the organ 
they extend completely across, and there is on such a 
view no bare tract of membrane, such as we have figured 
in Cacatua, 

Calyptorhynchus Banhsi is intermediate between the 
two extremes ; the first semi-ring only is incomplete, inas- 
much as it does not reach from one side of the syrinx to 
the other — or rather we should say from the anterior to the 
posterior side. 

Strmgops habroptilus has the same weak cartilaginous 
bronchial semi-rings ; but on a lateral view of the syrinx they 
are seen to extend right across. 

b. The second group contains the following genera : — 


Chrysotis. 

Pyrrhulopsis. 

Trichoglossus. 

Lorius. 

Pionus. 

Psittacus, 


Tanygnathus, 

Eos. 

Polyteles. 

Platycercus. 

Podocephalus. 


These genera are differentiated from those of the first 
division by the fact that the bronchial semi-rings are as a rule 
ossified, and are frequently more or less fused together ; at 
the same time the first ring is commonly concave upwards, 
whereas in the parrots of the first-mentioned group the 
bronchial semi-rings are straight. 

The most extreme type is perhaps offered by Chrysotis ; 
of this genus I have seen the following species : — 
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Chrynotis versicolor, Chrysotis Bodin. 

„ erythrura. „ viridigenalis, 

„ leucocephala , ,, Levaillanti, 

In all these species the first two rings of the bronchus 
are closely fused together, and form a bowed piece of bone 
forming with the last tracheal ring a semicircular outline ; the 
space between the two is, of course, occupied by membrane. 
In Chrysotis Levaillanti, for instance — and there is no great 
difference in the other species — the double character of the 
apparently single first bronchial semi-ring is only to be seen 
at the two ends. In a number of other parrots the first 
bronchial semi-ring is larger than that which follows, though 
not fused with it ; this is the case with Trichoglossusy 
Pyrrhulopsis, and Chalcopsitta ; the genera Eos, Polyteles^ 
Platycercus, and Tanygnafhus have syringes which are con- 
structed on the same plan. In Conurus there is a little 
difference ; here the first two rings of the bronchus are equi- 
sized; this at any rate applies to the tw^o species Conurus 
aureus and Conurus cruenfatus, which are the only tw^o that 
we have examined from this point of view. The genus Ara 
(species Ara Leari, Ara militaris) agrees with Comirus, 
Psittacus is like these genera ; but Pionus agrees more closely 
with Chrysotis, 

It will be obvious that no hard and fast line can really 
Be drawn between the two groups of parrots ; if it were 
thought desirable to draw such a line, it would be between 
the genus Cacatua on the one hand and all the remaining 
parrots on the other. Cacatua alone has a syrinx in which 
the first bronchial semi-rings are incomplete, leaving a bare 
tract laterally which is easily visible when the syrinx is 
viewed from the side : but in this genus there is another 
peculiarity — the intrinsic muscle of the S3rrinx ends in a very 
narrow point, which passes into a fine tendon of attachment ; 
in Chrysotis, Eos, &c., the muscle is comparatively broad 
down to its actual attachment. In this particular Micro- 
glossa and Stringops agree with Cacatua, although they do 
not show the incomplete rings that have been mentioned as* 

s 
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characteristic of the latter genus. These genera, in fact, are 
to this extent intermediate between Cacatua and the more 
normal (at any rate more usual) form of syrinx in the 
parrots ; the rings are still, however, soft and cartilaginous, 
thus different from Gonnrns, which is a further step in the 
direction of Chrysotis ; Chnysotis seems to represent the 
opposite extreme to Cacatua. Ara is a genus which is 
also intermediate in the characters of its syrinx ; it has 
weakish and straight rings, as in StringopSy for instance ; 
but the muscles are as in the second group of parrots, and 
the general aspect of the syrinx is more in accord with this 
placing of it. 

Finally it should be added that occasionally (e.g. Poly teles 
melanurus) the extrinsic muscles are attached not to the 
sternum, but to the membrane covering the lungs, being con- 
tinued there by thin tendons. In Platycercus Barnardi 
there would seem to be no extrinsic muscles at all. 

Parrots are very much alike in their myology ; there are, 
however, a few points in which they show differences, and 
which may be useful for the purposes of classification. 

The tensores patagii of the parrots are like those of 
many homalogonatous birds in the broad aponeurotic 
character of the tendon of the tensor brevis, which, however, 
has two or three thickened bands in it corresponding to the 
discrete tendons of most other birds {e.g. Charadriidse). Of 
these thickened bands the anterior commonly gives off a 
wristward slip ; but there appears to be never any patagial 
fan. The aponeurosis is inserted, as usual, on to the tendon 
of the extensor metacarpi radialis, and is continued over it 
by tw^o tendinous slips, of which the posterior runs obliquely 
to the elbow joint, like the ‘ passerine slip ’ of many birds. 
The common tensor patagii muscle is usually very large, and 
often completely covers the posterior deltoid {d. major). 
Garrod dissected away the anterior thickened tendon of the 
brevis in Deroptyus accipitrmus, and found it to arise from 
a distinctly separate slip of the patagial muscle attached to 
clavicle. The tendon in question is inserted on to the lower 
external Lumeral process, and may represent with its muscle 
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a primitive passerine tensor patagii brevis, to which has 
been subsequently added an extension of the deltoid. 

With the general structure that has been described the 
parrots show much difference in the details of the patagial 
tendons. 

The arrangement of the tendons of the tensor patagii is 
very much the same in Nestor, Stringops, and Calypto- 
rhynchus ; in all three the tendons are relatively very long 
when compared with the fleshy part of the muscle, and they 
are all close to one another, so as to give the appearance in 
Stringops of one tendon. In Calyptorhynchus the anterior 
tendon leaves the others in the lower part of the patagium 
and runs forwards after its usual fashion, so that the main 
distinctive point of these three genera, as far as the tensor 
patagii goes, is that the middle and posterior tendons are 
close together. In Coracopsis these tendons are separated 
by a slight interval, bnt closely correspond to the arrange- 
ment in the birds last named. 

Eos, Loriits, Paiocephalus, and Caica have a character- 
istic and almost uniform arrangement of the patagial tendons. 
In them the three tendons are very difficult to distinguish, 
because the fibrous membrane between them, of which they 
are only specialised parts, is as thick as they are. The result 
is that in these birds the patagial muscle seems to be inserted 
by a broad, short, membranous-looking tendon. 

C.onurm shows a transitional stage between these last 
genera and the typical arrangement ; the three tendons are 
more distinct, and they are equally short and show the same 
mode of attachment to the fleshy part of the muscle. 

Lathamus is remarkable for having the anterior tendon 
separate in its whole length from the middle one, instead of 
being fused with it in the upper part of its course. 

Chrysotis and Bolhorhynchus have a small extra tendon 
between the middle and posterior ones ; in (7. Guildingi this 
was only present on one side, but in C. leucocephala it was 
found on both. 

Psittacus has three tendons which are completely separate 
in. the whole of their course, and in this respect it corre- 
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spends to Lathamus. The anterior tendon may represent the 
fused anterior and middle tendons of Latharhus, and the 
middle tendon may be an extra one, as in Chrysotis, Our 
reasons for this are that there is a considerable interval 
between the two tendons, and that they do not diverge, as 
in all other cases. If this view is correct, the patagial 
tendons of Psittacus closely resemble those of Chrysotis, 
while they also agree in having the anterior deltoid larger 
than the posterior, in the absence of a lower head to the 
anconaeus, and in having the deltoid completely covered by 
the tensor patagii. 

The two deltoids are but small muscles, and are largely 
covered by the relatively enormous tensor patagii. It is 
better to use the terms ‘ anterior ’ and ‘ posterior ’ for the del- 
toids, since their relative dimensions vary considerably. The 
major is by no means always the larger. Sometimes the 
two deltoids are entirely covered by the tensor patagii, some- 
times the posterior is partly exposed. Thus in Nestor the 
muscle is exposed, in Deroptyus and Chrysotis it is covered. 
In Nestor and Stringops the anterior deltoid is the smaller, 
in Caica it is the larger. In Tanygnathus, Bolborhynchus, 
and Eclectus the deltoids are narrow and equisized. In Eos 
cardinalis the anterior deltoid (wdiich is the larger) is di- 
visible into two distinct parts. 

As regards the relative sizes of the two deltoid muscles, 
where they differ, such genera as are known may be arranged 
as follows : — 

A. Belt. Larger Poet. Belt. larger 

Deroptym, Psittacula, Aprosmic- Nestor, Stringo2)s, Calyptorhynchus, 
tus, Lorius, Caica, Eos, Pyrrhulopsis, Cacatua, 

Lathamm, Palaornis, Loriculus, 

Psephotm, Poeocephalus, Cyano- , 
rhamphus, Psittacus, Melopsittacus. 

In some parrots the anconcetis longus has an accessory 
head from the humerus, which is especially broad in Stringops 
The table on p. 268 shows the distribution of this accessory 
head among the genera. 

The eoCtpansor secundariorum is stated by Garrod to be 
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absent from the Psittaci. This is certainly almost univer- 
sally the case. But Furbringer speaks of a rudiment — a 
short length of tendon — in Platycercus palliceps. 

No parrot has a biceps slip, A muscular cucullaris 
patagialis is generally, if not always, present. 

It is well known that the ambiens muscle is present in 
some parrots, and absent from the leg of others. The actual 
occurrences of this muscle are shown in table (p. 268). Strin- 
gops is peculiar in that the muscle is sometimes complete 
and quite normally developed, and sometimes ends in a thin 
tendon on the capsule of the knee joint. This recalls 
Q^dicnemus, 

Of the other muscles of the leg used by Garrod in classi- 
fication A, X, and Y are nearly always present, the only 
exception, so far as I am aware, being Chrysotis Guildingi, in 
a specimen of which I failed to find Y. 

Sometimes (as in Ara chloroptera) the semitendinosus 
gives off a tendinous slip to the gastrocnemius, but in 
Chrysotis there is no such slip. The tibialis anticm is 
usually inserted by a single tendon. This Mr. Pearsons and 
I found to be the case in the majority of parrots which we 
examined. But in Chrysotis the tendon is distinctly double. 
In Deroptyus, Caica, Pwocephalus, Platycercus, and a few 
others, there are more or less evident indications of a double 
jtendon. 

The deep flexor tendons of the parrots are gallinaceous, 
with a vinculum such as is illustrated in fig. 54 (p. 100). 
There are some inconsiderable variations of this ground plan ; 
for instance, in Platycercus Barnardi the vinculum is divided 
into two parts, one to digit II., the other to III. and IV. , 

Peroneals, — The peroneus longus and brevis are, as far as 
we have observed, always present in parrots, but the origin 
of the fprmer differs somewhat in different genera. 

In Stringops and Nestor the peroneus longus rises from 
the front of the bony fibula and its membranous continuation 
for about the upper half of the leg. The muscular belly 
overlaps that of the peroneus brevis very much near its 
origin, and the muscle is large and well marked. 
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In Chrysotis, on the other hand, the peroneus longus is 
very small and only rises from the membranous continua- 
tion of the fibula in the lower part of the leg ; it is so small 
that it does not overlap the peroneus brevis at all, but lies 
behind it. 

The parrots have a well-developed crt^ and a zonary 
proventrictilus. In the liver the right lobe is the larger ; 
rarely are thej^ subequal. The gall bladder is as a rule 
absent ; but it is present in Cacatua and in Calopsitta, though 
‘ small and easily overlooked ’ in the latter. 

The intestinal measurements in a series are as follows : — 


Stringops . 

Inches. 

73 

Tanygnathus Mulleri 

Incliea. 

57 

Eclectus polychlonis . 

93 

Psittacus crithacus . 

48 

Galyptorhynchus 


Conurus Petzii . 

12 

Banksi , 

61 

Palaornis Alcxandri 

30 

Ara ambigua 

62 

Aprosmictus erytliro- 


„ ararauna . 

.50 

pterus . 

41 

Cacatua sulfurea 

33-75 

Lorius lori 

33 

„ cristata 

37 

Loriculus chrysonotus 

12 

„ triton . 

51 

„ galgulus . 

16 

Pionus senilis . 

50-5 

Chalcopsitta scintillata 37 

„ Maximiliani 

49 

Psittinus malaccensis 

12 

Eos reticulata . 

25-5 

Eujihema pulchella . 

12 

„ indica 

26 

„ splendid a . 

12 • 

Platycercus Barnardi 

29-5 

Deroptyus accipitriniis 31 

„ pallidiceps 20 

Pionopsitta pileata . 

39 

Nestor meridionalis 

38 

Latlianius discolor . 

18 

Microglossa aterrima 

34 

Coracopsis Barkleyi . 

33 

Pgrrhulopsis splendens 43 

Dasyptilus Pecqueti . 

17-25 

Chrysotis collar ia 

45 

Brotogerys tirica 

31 

„ f estiva 

36 

„ tovi . 

21 

Geopsittaciis occiden- 
tails 

15 




The most obvious comment upon the above list is to 
draw attention to the very great length of the gut in Eclectus, 
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whose relations in this particular to other pan'ots are almost 
those of Didunculus to other pigeons J 

The most recent and elaborate essay upon the osteology 
of the parrots is by Mivart,^ who has described the entire 
skeleton of Lorius and Psittacus ; som^ of his illustrations 
are reproduced here. Fourteen is the prevalent number of 
cervical vertehrce (e.g. Lorius, Psittacus, Platycercus, Caica), 
Stringops, however, has fifteen. The atlas is notched {Ara 
militaris) or perforated (Pyrrhulopsis) for the odontoid 
process. Five {Ara, Psittacus) or six {Platycercus^ Pyrrliu- 
lopsis) ribs articulate with the sternum. The sternum has 
as a rule an entire posterior margin, which in Licnietis is 
entirely unnotched and unfenestrated. Most parrots have a 
pair of fenestrae which in Deroptyus and Microglossa are 
converted into notches. The sternum has a spina externa, 
slightly forked occasionally (e.g. Psittacus erithacus, Gallo- 
cephalon), but no spina interna. The carina is deep — deeper 
in Platycercus (without furcula) than in Caica (withfurcula), 
the species being approximately of the same size. The 
furcula is sometimes present and sometimes rudimentary. 

It is present, and forms a complete U, in Nestor, Conunis, 
Caica, Licnietis, Microglossa, Ara, Palceornis, &c. 

An intermediate condition is observable in Eos, where the 
furcula thins much towards its sternal end. A still further 
^ reduction is seen where the tw^o clavicles are separate below' 
and only bound by cartilage. Finally there are those parrots 
with a quite rudimentary pair of clavicles, consisting only of 
a small piece of bone at the coraco-scapular end. This is the 
case, for example, with Pyrrhulopsis and Platycercus. 

The following table shows the number of cervical verte- 
brae and the position of the first and last haemophyses in a 
number of parrots : — 


* For structure of tongue see Ciaccio, ‘ Nota prevent! va sull’ interna 
struttura della lingua dei Papagalli,’ Rendic. Sess. Acc. IsL Bologna, ISll-S, 
p. 167. 

* * The skeleton of Lorius flavopalliatus compared with that of Psit^^icus 
erithacus,' P. Z. S» 1896. There is no account of the bones of the limbs. 
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j Pyrrhulopsis persotutia 
I Conurus JuBmorrhous , 
Platycercus Pennanti « 

Ara militari^ 

^ EcUctus polychloros . 
Nestor notahilis . 

Caica rnelanocephala . 
CaUocephedon galeatum 
Calopsitta Novcb Hollandicr 
Conurus crueniatus 


No. of 
0. V. 

First 

Hfem. 

lait 

Hium. 

r«tap. ^ 

14 

C9 

D8 

C13-D1 i 

14 

C9 

D2 

C14 

14 

C9 

D1 

C12-14 

14 

C8 

D3 

C18-D1 

14 

1 C8 

D1 

C11-*D1‘ 

14 

I C8* 

D2 

C12-D1 1 

13 

C8 

D8 

C18-D1 ; 

14 

C9 

D1 

013-14 

14 1 

C9 

D1 

012-14 

14 

C8 

D2 

012-13 i 


The humerus of parrots is peculiar, and, as Garrod ^ has 
pointed out, there are features of resemblance to the ColuinbflB 
and to the Alcidae. This peculiarity will be found described 
and figured in the chapter dealing with the Columbse. The 
skull is very uniform in its structure throughout the group. 
It is desmognathous, holorhinal, and without basipterygoid 
processes. 

The front part of the face (nasals, maxillae, and premaxillae) 
articulates by a transverse joint with the frontals, w’hich is 
movable. The mobility of the anterior part of the face is 
aided by the movable articulation to it of the palatines and 
the jugals. The palatines have a peculiar form ; for the 
Inost part they are laterally flattened plates of great depth 
and considerable extent. The quadrate of parrots too is 
peculiar in the great length of the neck, which bears the# 
squamosal articulation. In many parrots the lacrymal bone 
joins the forward process of the squamosal, thus completely 
encircling the orbit with bone. 

The hyoid has been extensively studied by Mivaht ; ^ in 


* On D1 the median part of the heemapoph jsig has vanished, leaving only 
the lateral. 

* On this vertebra is a double heemapophysis, forming a canal. 

* See also for osteology of parrots Blanchabd, * Des Caractdres Ost^ologitiucH 
chez les Oiseaux de la Famille des Psittacides,^ CompU liend, xUii. p. 1097, 
and ilix. p. 618 ; Milnb-Edwabds, ‘ Observations sur les Caract^res Ost^olo- 
giques,* <fec., Ann, Sci, Nat, (6), vi. p. 91 ; L. von Lobenz, ‘ Uber die Skelete 
von Stringops habropiilus u. Nestor notahilis' S,B, k, Ak. Wien, Ixxxiv. 1882, 
p. 624. 

* ‘ On the Hyoid Bone of certain Parrots,* Z, S, 1896, p. 162. 
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this paper references will be found to previous figures and 
descriptions. It has features which absolutely distinguish 
this group of birds. 

The entoglossal has a considerable median foramen, or 







Fio. 131. — Hyoid of Stringc^js (atter MnARx). A. Dorsal Aspect. 

B. Ventral. C. Lateral. 

ft, baslbyal ; e, eiitogloKSum : p, imrahyal procesg ; u, iirohyal ; Aft, hyiK>bninchial ; 
eft, ceratobranchial. 

more usually is composed of two separate pieces imited in front 
by cartilage. The basihyal is broad, and it develops on either 
side a forwardly directed piece (figs. 131-3), for which Dr. 
Mivart has suggested the name of parahyal piece. This 
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latter is merely a short process in Ara, Psittacus, and 
Stringops (fig. 131) ; in Lorius, Eos, and Trichoglqssus the two 
parahyals (figs. 132, 133) unite and form a single Y-shaped 



ti h 


Fio. 132. — Hyoid of Lorius flavopalliatus (after Mivart). 

A. Dorsal Aspect. B. Ventral. C. Lateral. 
f, cup-like excavation ; A, symplij ses of parah> alw. OtUer letters as in flg. 131 . 

bone inclined obliquely upwards. The only bird which 
seems to present much resemblance to the parrots is the 
eagle, which, according to the figure in Bronn’s ‘ Thierreich,' ' 
* Arcs, PI. xxxi. fip;. 28. 
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has a broad basihyal with the short angular processes which 
suggest the more elaborate parahyals of the parrots. 

The classification of the parrots has been attempted by 
more than one naturalist ; but, as Gadow has justly ob- 
served, ‘ our knowledge of the anatomical structure of these 
birds is at present too incomplete in relation to their large 
numbers.’ 

Gadow himself has practically divided them by the 
structure of the tongue into two families, Trichoglossidse and 
Psittacidffi. In all the Trichoglossidse the orbital ring is 



Fig. 133. — Hyoid of Lorius domiccUa (after Mivakt). Letters 
AS IN Fig. 131. 

incomplete, and it is possible that the remarkable structure 
of the hyoid, described above, may serve to distinguish this 
family. The first family contains only Nestor, the lories, 
Cyclopsittucus, and Lathamus ; but the two latter are very 
imperfectly known. The remaining genera are relegated to 
the second family. 

Garbod’s arrangement of the group, anterior to that of 
Gadow’s in point of time, is based upon the variations of 
the ambiens, oil gland, furcula, and carotids. The facts, 
with a few others added, are displayed in the following 
table : — 
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I Stringops , 

+ 

j a + 

j Pakeomis . 

■f 


, Aprosmictus 

+ 

i — — 

( 

J Polyteles 

• 

f 

Eckctus 

+ 


Tanygnath^is 

I 

• -r 

- 

Prioniturm 



Eos 

• + 

, - - 

1 Trichoglossus 

• + 


j Lorius 

• + 



j Lorictdus . 



1 Coriphiltis . 



t Chalcopsitta 

. ' - 



Psittinm 

• + 

- 

! Agapomis , 

. 4- 


' Euphema . 

+ 

- 

MelopsittaciLs 

-f 


Geopsittacus 

+ 

__ 

Eolophus . 

4- 

- 

Calyptorhynchus 



Calopsitta . 


I 

Licmetis 

4- 

_ \ 

Microglossa 



Cacatua 

+ 

— -t- 

Callocephalon 

4- 


Psittacus 

+ 


Pcsocephalm 



Nestor 

• + 


Nasitema ' . 



Conurus 

Bolborhynchus 

• 1 + 

+ 

Caica . 

( 

' ; + 


PyrrhtUa , 

1 

■ i " 


Deroptyus . 

* ! + ' 



2 

— 

1 New Zealand 

2 

+ 

i 

j Africa, India, China, 
Bast Indies 

2 

i 

1 

Australia, Austro > 

Malaya 

2 

i + 

Australia 

2 

i + 

Moluccas, Papua 

2 

: + 

Philippines, Celebes, 
New Guinea 

2 

+ 

Philippines to Celebes 

2 


Moluccas, Papua, Solo 
mon Islands 

2 

-t- 

, Australia, Celebes, 

Papua, Timor, New 
; Caledonia 

2 ■ 

T 

Moluccas to Solomon 
Islands 

2 

4 

j India to Papua 

2 

+ 

1 Society and Marquesas 

2 

4- 

Papua 

2 

4- 

' Malay Peninsula to 
Borneo 

2 

- 

, Ethiopian region 

2 

“ 

Australia and Tas- 
j mania 

2 

— 

1 South Australia 

2 

- 

, South Australia 

i 

+ 

‘ Australia to Philip 
, pines 

2 

+ 

; Australia 

2 1 

4“ 

Australia 

2 or 1. ; 

4- 

Australia 

2 

4- 

Papua, North Australia 

i 

4- 

Australia, Austro* 

i 

‘2 i 


Malay, Philippines 

o- 

Australia 


4- 

Tropical Africa 


4- 

Tropical Africa 


4- 

New Zealand 


- 

New Guinea 


4" 

Mexico to South 

America 

2 1 

« 1 

4 

Mexico to South 
America 

4- 

Mexico to South 
America 

2 1 

+ 

Guiana and Amazons 

2 

4- 

Costa Rica, South 
America 

2 

4* 

Guiana, North-East 1 


Brazil 


* FonBKs, ‘ On some Points in the Structure of yaiUenux,' &a, P. Z. 8 . 1880, p. 76. 
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Distribution 


Pionopaitta 

. + - ' - 

2 

+ 

Central and South 
America ‘ | 

Lathamiis . 


2 

+ 

Australia and Tas- i 
mania i 

Coracopsis . 


2 


Madagascar ! 

Pyrrhulopais 

. + 

2 

+ 

Fiji ! 

Dasyptilm . 

. + — 

2 


New Guinea ! 

Chrysotis . 

. — — — 

2 

, + 

Mexico to South ! 

America | 

Pionm 

— — — 

2 

+ 

Mexico to South ; 

America 

Brotogerys . 

- — 

2 

+ 

Central to South 

America 

Platycercus 

. + — — 

2 

— 

Australia, Tasmania, 
Norfolk Island 

PsepJiotm . 

+ — 

2 

- 

Australia 

C yaiwrhamphiis . 

. -f - - 

2 


New Zealand, New , 
Caledonia, Society 
Islands ! 

Psittacula . 

- — — 

2 

— 

Mexico to South 

America 

Nymphictis . 

. + “ 

2 


N ew Caledonia to 
Loyalty Islands 


From these facts and a few others may be derived the 
following scheme : — 

Sub-Order Psittaoi : — 

Fam. I. ralflpornithidae. Tw'o carotids. Ambiens ab- 
sent. Oil gland present. 

Subf. (1.) Paltpornithinae. Palceornis, Eclectus, Apros- 
mictus, Eos, Tanygnatlms, Prioniturus, Psittinus, 
Loriculus, Trichoglossus, Lorius. 

Subf. (2.) Cacatuinae. Orbital ring complete. 

Calvpsitta, Calyptorhynchus, Licnietis, Eolo- 
phiis, Cacafua, 

Subf. (3.) Stringopina*. Furcula lost. 

Stringops, Euphema, Geopsittacus, Melopsitta- 
cus, Agapornis. 

Fam. II. Psittacidae. Left carotid superficial. 

Div. a. Ambiens present. 
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Subf. (4.) Arinas. Ara, Conurus, Bolborhynchus, 
Caica, Psittacus, Poeocephalus, Nestor. 

Div. h. Ambiens absent. 

Subf. (5.) Pyrrhurinae. Pyrrhiira, Lathamus, Cora- 
copsiSy Pyrrhulopsis. 

SuBf. (6.) Platycercinae. Furcula lost. 

PlatycercuSy Psephotusy CyanorhamphuSy Psit- 
tacula. 

Subf. (7.) Chrysotinae. Oil gland lost. 

ChrysotiSy Piofius, Brotogerys. 

A phylogenetic tree accompanies Gahkod’s scheme, in 
which it is assumed that the ancestral parrot possessed the 
normally running carotids, an ambiens, an oil gland, and a 
complete furcula. From this the main stems are given off, 
in one of which the carotids remained normal, while in the 
other the left became superficial. The loss of the other 
characters leads to further branching of both main branches. 

The Stringopinfl?; especially Stringops itself, are the 
nearest living representatives of the ancestral stem. 

Furbringer * also argues for the low position of Strin- 
gops, in contradiction to Marshall, w^ho holds that it is an 
extremely modified form. Its owl-like plumage, defective 
carinal keel, and associated loss of the power of flight are 
undoubtedly modifications, but it seems more probable that 
they are modifications of an ancient than of a modern type ' 
of parrot. Furbringer’s views are chiefly based upon the 
flexibility of its anatomical characters. I have already 
referred to the variability of the ambiens : the sternum offers 
another fact of the same kind ; sometimes it is entire, without 
notches or foramina, sometimes there are one or two upon 
one or the other side, and occasionally two incisurae, one 
upon each side. This variability must not be associated, as 
variability may often be associated, with a rudimentary 
structure ; the xiphosternum is not rudimentary, though 
the keel is. 

* ‘ Einige Bemerkungen iiher die Steilung von Stringops,' Ac., Journ. /. 0. 
1889, p. 236. 
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Mr. Parsons and I have pointed out certain likenesses 
between String ops, the Cacatuinae of Garrod, and Nestor, 
which he places in an altogether different family. These 
partly concern the syrinx, to which attention has been 
already directed, partly the muscular system. In those birds 
the posterior deltoid is larger than the anterior. It may be 
noted also that powder-down patches are best developed and 
more universal among the Cacatuinae, while it is in that 
family only that the gall bladder exists. 

Of extinct parrots among the most remarkable is Lophopsitta- 
cm mauritianus,^ characterised, as was also Nccropsittacm roclcri- 
camis, by its enormous jaws. 

The principal interest attaching to other remains of parrots is 
the light that they throw upon the former distribution of the 
group ; for Psittacus has been found in the lower Miocene of 
France. 

The determination of the affinities of the parrots to other 
groups of birds is one of the hardest problems in ornithology. 
They have been likened to the Accipitres (mainly, perhaps, 
on account of the hooked beak and its cere), and to the 
gallinaceous birds, in the neighbourhood of which they were 
placed by Garrod. It seems to me that the parrots, like 
the cuckoos, are a group of birds which are on the border- 
land between the Anomalogonatie and the higher birds. It is 
remarkable what a number of points there are in which they 
show" resemblances to the Passeres — the complicated muscu- 
lature of the syrinx, the absence of biceps slip and expansor 
secundariorum, the presence of a cucullaris propatagialis, 
found in the Passeres and in the somewhat passeriform 
JJpnpa and Pici, the small number of cervical vertebrae, the 
total want of caeca, allying them not certainly to the Passeres 
but again to the Pici and many Anomalogonatae, the reduced 
clavicles of some genera. ZygodactyJe feet, moreover, are 
not found among the higher birds except in the Cuoali and 


' Sir E. Newton and H. Gaoow, * On Additional Bones of the Dodo and 
other Extinct Birds of Mauritius,’ 7V. Soc. xiii. p. 281. See also for 
a figure and account of this bird Newton’s Did, Birds, sub voce ‘Ex- 
termination.’ 
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the Moiophsgi, which are, similarly to the parrots, on the 
border line between the Anomalogonatse and higher birds. 
It is noteworthy also that of the Anomalogonatse which 
present a catapophysial canal (found at any rate in one 
parrot) it is the Pici and the passerine alone. But while it 
is not so difficult to point out likenesses to the Anomalo- 
gonatee it is much harder to indicate resemblances to any 
of the higher groups of birds. It must be held, in my opinion, 
that they have emerged from a low anomalogonatous stock 
at a time not far removed from that at which the Caeuli and 
XoBophagi also emerged, but that there is not a common 
starting point of the three groups. 


CUCULI 

Definition . — Feet zygodactyle by reversion of fourth toe. Skull 
desmognathous, without basipterygoid processes.' Oil gland 
nude. QuintooubitaL Two carotids. Ceeoa longish. Amblens 
present. 

The family which is defined by the above characters is a 
large one, comprising, according to the recent catalogue of 
Captain Shelley, 165 species, which are distributed by 
that ornithologist into forty-two genera. 

The family is almost world-wide in range, being most 
abundant, however, in the tropics. Correlated wdth its 
numerous genera and species and wide range we find a 
certain amount of structural variation in the family, which 
permits of its division into several subfamilies, concerning 
the number and extent of which there is some divergence of 
opinion. It may be convenient, however, to consider the 
general anatomy of the family before dealing with its major 
subdivisions. 

Apart from the facts used in the definition of the family 
the cuckoos are characterised by the absence of, or the 
presence of only a rudimentary, aftershaft to the contour 
feathers. The number of rectrices is not, as was stated by 
Nitzsch, constantly ten ; for in Saur other a, Guira, and Croto- 
' WeU'tnarked rudiments in Bhinococcyx and EudynamU* 
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phaga there are only eight. The feather tracts are somewhat 
diverse in their disposition. The pterylosis of the European 
cuckoo (Cuculus canorus) has been described by Nitzsch in 
his * Pterylography.’ The feathering on the throat com- 
pletely occupies the intermandibular space. The ventral 
pteryla is divided upon the neck into its two halves, which 
are not again divided ; each passes backwards, gradually 



Fio. 134.— Pterylohis of Eiidiinamis orkntalis. Ventral View. 
(After Beldard.) 


diminishing in extent, until it ends in a single row of feathers 
in the neighbourhood of the cloaca. Over the sternum this 
pectoral tract is very wide ; later its three rows of feathers 
become separated by a slight interval, two on one side and 
one on the other, which, however, reunite before ending at 
the cloaca. The spinal tract is narrow^ in the neck region. 
It bifurcates on the shoulder to enclose a lanceolate space. 

T 
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Of other cuckoos whose pterylosis has been studied ' Caco- 
mantis, Piaya, Saurothera, Diplopterus, Coccyzus, Chryso- 
coccyx, and Coccystes agree in most points with Cuculus. 
But in the American genera Piaya, Diploptertis, Saurothera, 
and Coccyzus, the ventral tract is double from the very first 
— that is to say, in the mandibular region. 

A more complicated pterj’losis characterises certain other 



Fio, 135. — pTEKYLrOHiH OK Piayu cayana* Dokbal View. (Aftee 
Beddard.) 


cuckoos. In the genus Centropus the feathering upon the 
throat is close and continuous, the two ventral tracts diverg- 
ing at about the junction of the neck and trunk. Each of these, 

‘ Bbi>dabi>, ‘ On the Strootoral Characters and Classification ol the Cuckoos,’ 
P, Z. 8 . 1885, p. 168 ; SHuncurr, ‘ Contributions to the Anatomy of Oeoooocyx,’ 
ibid. 1886, jf. 966. 
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again, divides into two separate tracts, of which the inner 
is at first two feathers wide, which number is reduced to one 
just before the termination of the row a little way in front of 
the cloacal aperture. The outer branch consists of one row 
only, and terminates some way in front of the end of the inner 
branch, without, however, showing any signs of being fused 
with it. Pyrrlioceiitor, Geococcyx, Crotophaga^ EudynamiSy 



Fkj. 13G. — P^KK\•L08I^ OF Fiaya cayatui. Ventral View. 
(After Bei>dari>.) 


Scythrops, and Phoenicophaes have a pterylosis which is much 
like that of Centropus. The two types bf pterylosis observ- 
able in the cuckoos are illustrated in the accompanying wood- 
cuts. Unfortunately the pterylosis of some important genera, 
such as Coua, is not known. 

All cuckoos possess the amhiens. In all cuckoos we also 
find the semitendiiiosusy the accessory semitendinosusy and 
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the femorocaudal ; in CerUropus and its allies, both in the 
Old World and in the New, the accessory femorocaudal is 
also present. In many groups of birds the arrangement of 
the tendons ending in the patagium is very complicated. 
This is not the case with the Cuculi, where the disposition of 
these tendons is very uniform. For the most part the sim- 
plicity is suggestive of the perhaps allied picarian birds. In 
Cucubis canorus, for example, which has been figured by 
Garrod, the tensor patagii brevis is inserted on to the fore 
arm without any bifurcation. So too in Piaya, Saurothera. 
The only exception to this which has been noted occurs in 
Geococcyx, where the said tendon bifurcates just before its 
insertion, the anterior branch being inserted on to the exten- 
sor metacarpi radialis a little way in front of the main 
attachment. This is also the case with Guira and Phwnico- 
phaes. 

No cuckoo has any biceps slip. In some genera, e.g, in 
Saurothera, Coccyzus, Pyrrhocentor, there is an attachment 
between the anconaeus and the humerus. In Guira there 
is none. The expansor secundariorum is what Garrod 
(see p. 85) has termed ‘ ciconiiform. The glutceus primus 
is extensive in most cuckoos ; * its origin in them reaches 
behind the head of the humerus as well as in front. There 
is no glutaeus V. The deep plantar tendons of Pyrrhocentor 
and Centropus are peculiar in that no branch is sent to 
the hallux. 

The syrinx in the cuckoos shows greater variability than 
in any other group of birds excepting the goatsuckers. We 
meet with the typical tracheo-bronchial syrinx in a consider- 
able number of genera, while in others is the much-modified 
bronchial syrinx. The latter was first described many years 
ago in Crotophaga by Johannes Muller. In that genus 
the syrinx closely resembles that of Steatornis, which has 
been already described in the introductory chapter (see p. 69). 
There are, however, as might be imagined, differences of 
detail. In Crotophaga the membrana tympaniformis com- 
mences at the seventh ring of the bronchi, the rings in front 

* Apparently absent or very slight in CucidtM, 
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being perfectly complete rings, the trachea dividing, < as in the 
mammalia. From the seventh onward all the bronchial rings 
are semi-rings, the intrinsic muscles being attached to the 
tenth. This is one extreme of the series, the other being 
offered by such a type as Piaya. In Piaya (see fig. 137) 
there is a purely tracheo-bronchial syrinx. The third bron- 
chial semi-ring is of compara- 
tively speaking enormous size, 
and to it are attached the in- 
trinsic muscles of the syrinx. In 
Saurothera we have a syrinx 
which is quite similar save for 
the fact that the third bron- 
chial ring is not enlarged. 

Diplopterus is much the same 
as the last. Cuciilus has also 
a perfectly typical tracheo-bron- 
chial syrinx. In Eudynainis 
there is a cuculine syrinx, the 
last tracheal and the first three 
bronchial semi-rings being ossi- 
fied ; the intrinsic muscles are 

attached, as m Piaya, to the Fio. m. Syrinx ok caj,an« 
third bronchial semi-ring. (aitek Beddard). 

Phmiicophaes is much the same. 

The remaining genera of cuckoos whose syrinx is known 
are nearer akin to Crotophaga, though in them the bronchial 
syrinx is not quite so typical. In Centropus ateralbus, for 
instance, the first fifteen rings of the bronchi are incomplete 
internally and are closed by membrane, but the membranous 
area is narrow ; this area widens out at the sixteenth ring, 
which with the following is much stronger than the pre- 
ceeding and succeeding rings of the bronchus ; to the sixteenth 
ring are attached the intrinsic muscles of the syrinx. Pyr- 
rhocentor and Geococcyx have a similar syrinx. The syrinx of 
Guira is in many respects very remarkable. On a superficial 
view it is not imlike that of Ciiculus. The voice organ in 
this genus is placed further forwards than in the genera just 
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considered. But the first two or three rings of the bronchus 
are complete rings with no membrane internally. From the 
fourth onwards the rings are semi-rings. Upon the sixth 
are inserted the syringeal muscles. Coua is somewhat inter- 
mediate. The first seven bronchial semi-rings have their 
inner extremities separated by a narrow area of membrane. 
To the seventh are attached the intrinsic muscles of the 
syrinx. From this point commences the tympaniform mem- 



A B 


Fig, 138. — Sybinx of Centrojms ateralbns (after Bkdoard). 

A. Front View. B. Back View. 

brane. The accompanying woodcuts will serve to illustrate , 
the varying form of the syrinx among the Cuculi. 

As with some other large groups of birds, such as the 
pigeons and parrots, the gall bladder is present in some 
cuckoos and absent in others. The gall bladder exists in 
the genera Saurothera, Coccyzus, Guira, Pyrrhocentor, 
Scythrops, and Cuculus ; it is absent in Crotophaga and in 
some species of Centropus. Coua has a gall bladder Eudy- 
namu appears not to have one. 

In Guira the right lobe of the liver is five or six times as 
large as the left. 

The main artery of the leg is the femoral in Piaya, Gen- 
iropuSj the sciatic in Diploptera, Saurothera^ Coccyztis, 
Pyrrhocentor. 
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The following are some intestinal measurements, princi- 


pally of the caeca : — 





' - 

8. I. 

- L.. 

\ 

L. I. 

j Caj. 

, 

1 Iucht*H 


Inches 

Inches 

Cttculus canorua . 

. t 

18 


M 

Piaya cay ana 


1 

1*8 1 

1*4 

Diploptcrus 




•8 

Saurothera dominicensis 




1*7, 1*6 

Coccyziis americanus . 



1-3 

1*2, 1*1 

Pyrriwcentor celebensis 


1 

2-5 1 

! 1*5 

Ccntropus atcralbus 


1 

21 

1*75, 1*5 

„ phasianus . 

16 


2 

2*25 

P}ujpnicopliaes sp. 


— 

1*75 

2*25 

Geococcyx affinis . 


13 


2 

Crotophaga sulcirostris 


13 


1 

Qutra pirtrigua . 

12 

i 

1*5 

1-5 

Scythrops 

20 

, — ^ , 

4-5 

6*5 

Chrysococcyx 






As for the skull of the cuckoos, that of Scythrops has been 
described by Pabkek ^ and by myself.’-* Shufeldt has 
studied the skeleton of Geococcyx} Scythrops is doubly des- 
mognathous, the maxillo-palatines being united for their whole 
lengths, and the palatines also being fused with each other 
posteriorly. In other cuckoos the maxillo-palatines diverge 
posteriorly for a short space, and there is no union between 
the palatines. Scythrops has, according to Pabkeb, two 
small vomers, situated one behind the other.^ In cuckoos the 
ectethmoid processes are large, and the lacrymal has often 
*(e.g. Scythrops, Crotophaga) a large descending process 
nearly touching the jugal. Scythrops and Eudynamis have an 
08 uncinatum lying between the descending process of the 
lacrymal and the ectethmoid. 

The holorhinal nostrils are much obliterated by bony 
growths, the degree varying. As a consequence the nostrils 
are as a rule impervious ; but in the dried skulls of Pyrrho- 
centor and Cuculus there is a considerable foramen. 

No cuckoo has more than fourteen cervical vcrtebrce, and 
some have only thirteen. Three or four ribs only articulate 


Trans. Linn. Soc. (2), i. • P. Z. S. 1898. 

J. Anal. Phys. xx. 1886, p. 244. 

I could only find one lying entirely between the palatines. 
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with the sternum. The sternum may be fenestrated or 
marked by posterior incisions. 

The atlas of Bliinococcyx ‘ is perforated by the odontoid 
process ; Cll-Dl have hypapophyses in addition to the axis, 
and two or three following, C12-14, have also catapophyses, 
which on 14 ascend on to the hapinapophysis. 

In Sanrothera CIO has closely applied paired haemapo- 
lihyses. 

The modifications of the syrinx, the pterylosis, and the 
leg muscles permit the family to be subdivided thus, the 
subdivisions, as will be observed, corresponding to the 
geographical range of the birds : — 


Subfamily I. Cuculina\ Syrinx tracheo-bronchial. Ven- 
tral feather tract single. Muscle formula AXY -f . 
a. Ventral tract single at commencement. 


I 


.Old World. 


CuculuH 
Chrysococcjfx 
C a CO mantis 
Coccystes (?) ) 

b. Ventral tract double at commencement. 
Saurothero 
Diplopterm (?) | 

Piaya 
Coccyzns 


1-New World. 


Subfamily II. Phoenicophaina\ Syrinx tracheo-bronchial. 
Ventral feather tract bifurcate. Muscle formula 
ABXY+. 


Scythrops 

Eudyiiamis 

Phcenicophaes 


Old World. 


Subfamily III. Centropodinae. Syrinx bronchial. Ven- 
tral feather tract bifurcate. Muscle formula 
ABXY + . 


' In Scyihropfi there is a notch nearly completely converted into a foramen ; 
in Eudynamis a notch lees nearly converted into a foramen, also in Guira and 
DiplopteruH, In Ciicvhti and Saurotfiera there is a foramen. 
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a. Ventral tract occupying whole of space between 
jaws. 

Pyrrhocentor \ 

CentropuH Old World. 

Coua (?) ' 

b. Ventral tract only occupying median region. 

Geococcyx I 

Crotophaga -New World. 

Gnira ) 

The question of the affinities of the cuckoos is a difficult 
one. 

liy Gadow they are placed nearest to the Musophagi and 
next nearest to the Piittaci. Ff kbhinger’s views do not 
greatly ditfer. There seems to be no doubt that these birds 
are an archaic group not far from the point where the Ano- 
malogonatfie and Homalogonatte of Garhoo diverge. They 
are, like the Musophagi, quintocubital ; their intestines are 
simple ; and they have the complete muscle formula (B being 
in some forms absent). These characters are found in others 
among the more primitive of the higher birds. 

Tlie likenesses wliich the cuckoos show to the Pico-Pas- 
seres are mainly in the structure of the foot, in the simple 
character of the tendons of the patagium, and the marked 
resemblance in the syrinx to that of the Caprimulgi, and in a 
less degree to the Striges. As has been pointed out, precisely 
the same series of modifications between the extreme bron- 
chial syrinx of Crotophaga and the purely tracheo-bronchial 
syrinx of Cuculus are to be seen among the Caprimulgi. The 
syrinx is really the only salient point in the anatomy of 
the group that can be laid hold of for purposes of com- 
parison, and, considering the dissimilarities in the voice and 
habits of cuckoos and goatsuckers, it is particularly note- 
worthy. 

As to fossil cuckoos, the two most interesting facts are, 
perhaps, the occurrence of Centropus and Phocnicophaes ' in 

’ See Milne -Ei»wabi)8 in Comptes Rendtis for 1894. 
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Europe, especially the latter, as it has some claims to repre- 
sent the most ancient form of cuckoo, with complete muscle 
fonnula and tracheo-bronchial syrinx.* 


MUSOPHAGI 

4 

Definition,— Oil gland tufted. Aftershaft present. Quintooubital. 
Beotrioes, ten. Muscle formula of leg, ABXY + . Expansor 
sesundariorum present. Biceps slip absent. Cesoa absent. Both 
carotids present. Skull holorhinal, desmognathous, without 
basipterygoid processes. 

This group of birds, purely African in range/-' is divisible 
into three genera, Corythaix, Mnsophaga, and Schizorhis. 
These genera do not show a large amount of structural 
variation. 

As to the ptenjlosisy the two ventral tracts are double 
upon the neck (in C, albocristata) ; they remain separate 
until just in front of the cloaca, being especially weak and 
narrow in the breast region. Longitudinally arranged rows 
of feathers connect the pectoral tracts above with the 
humeral. The other important external characters are stated 
in the definition. 

In Schizorhis the normal arrangement of the leg arteries 
obtains. 

In Corythaix and Musophaga the femoral artery is the 
one developed. The right jugular is the largest, and in 
Corythaix albocristata seems to have entirely disappeared. 

In the liver the right lobe is the larger,^ sometimes 
considerably so. The gall bladder is present, and sometimes 
is elongated in form. The tongue is short and triangular ; 
the proventriculus is zonary, the gizzard weak. The in- 
testines are capacious and short, without CBBca. The following 
are a few measurements : — 


’ Cf. algo partial persistence of basipterygoid processes in PhoBoicophainie. 

* The extinct Necromis of French Miocene may be a Touraco. 

* The viseefa are described by Owjen for CorytJiaix porphyreolopha, P. Z, S 
1834, p. 3, and by Mabtin for Corythaix Biiffonii, ibid, 1836, p. 82. 
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Corythaix erythrolophus 17 inches 

„ albocristata 18 „ 

„ persa 18 „ 

Musophaga violacea . . . . . 18 „ 

Schizorhis africanus . . . . . 20 „ 

The windpipe of Corythaix persa is slightly swollen 
along its course, narrowing again at the bifurcation. It is 
much ossified. Counting as 
the last tracheal ring that to 
which the pessulus is attached 
in front, the intrinsic muscles 
are inserted on to the third 
in front of this. The first 
two bronchial semi-rings are 
ossified ; the third, between 
which and the second there is 
a considerable membranous 
interval, is the first of the 
purely cartilaginous series. 

The extrinsic muscles are 

stout, and arise seven or eight of Corythaix 

^ chlmochlamys (aftek Mitchell). 

rings from the end of the x^short-oircuiting vessel diridtHl. 

trachea, and pass at once to 

their insertion ; they run no distance along the trachea, as is 
*so common. 

Musophaga has no intrinsic muscles ; Schizorhis has. 

As to muscles, the tensores patagii are very simple, and 
the biceps slip is entirely absent. 

The tensor brevis sends off a wristward slip just before 
its insertion in both Musophaga and Corythaix ; * it is 
reinforced by a pectoral slip and by a fibrous slip from the 
humeral crest. 

The ancon ceus longus has not, at any rate in Corythaix 
albocristata, a humeral head. Glutwus I. is large, covering 
the biceps ; glutmus F. is absent {Corythaix erythrolophus, 
Musophaga) or present {Schizorhis africanus). The muscle 



Absent -perhaps as an individual variation — in C. albocristata. 
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formula of the leg, as stated in the definition, is ABXY H- . 
Both peroneals are present. The deep flexor tendons are 
bound by a vinculum, which is single in Corythaix and 
double in Schizorhis, 

The skull of Corythaix is barely desmognathous, and 
by no manner of means especially like that of a cuckoo, 
to which group the Koiophagl have been often compared. 
The hinge in the middle of the face is nearly complete, but 
there is a ln*idge on each side, formed by an ankylosis 
between the frontal and nasal. The holorhinal nostrils are 
situated very far forwards, and each has, as Parker ’ has 
pointed out, an osseous fold upon the ossifitnl internarial 
septum. The maxillo-palatines diverge from each other 
posteriorly for a much longer space than in any cuckoo. 
The ascending laminin of the palatines come into contact 
for a very brief space over the rostrum in front, and are 
continued forward for a short distance as a shar}) spike. 
Between them lies a minute interpalatine splint (or vomer). 
The interorbital septum is moderately fenestrate. The 
lacrymal bones are of some size, and the descending process 
is closely applied to, but does not fuse vnth, the square 
ectethmoid process ; connected with both is a small os 
uncinatum, which reaches the palatine.^ 


Bony nostrils . 

Ectethmoid 

Palatines 

Maxillo-palatines , 
Jugal bar 


Clobc to frontu-nasal 

hiiige. 

Coritinuoug with dorsal 
wall of orbit. 

Ascending lamina* come 
into contact ]mt4»riirrly 
for a co^mderable 

space. 

More completely fused. 

Expanded where it joins 
maxilla on, or close to, 
ventral surface. 


Near end of bill. 

Not so continuous. 

Ascending laminte come 
into contact anteriorly 
for a sluirt space. 

Less completely fused. 

Not expanded ; junction 
with face higher up, 
very much as in 
parrots. 


In view of the general opinion as to the nearness of the 

* In his paper upon Opisthocrmiug, See below, p. 2Bft, footnote ^ 

* J. T. Bexkh^ri>t, Vid, Medd, KjObenhavn, 1871, p. 826. 
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alliance between Musophagidee and Cuculidae it may be 
useful to tabulate the principal diver^nces in the skull. 

Corythaix has 14 cervical vertebrce ; ' the atlas is notched, 
not perforated by the odontoid process. Four ribs reach 
the sternum, which is doubly notched and has a strong 
spina externa. 

In the pelvis the prepubic process is very markedly 
developed, as in Geococcyx. 

The clavicle comes into contact both with the scapula 
and with the moderately large procoracoid ; the latter is 
fused with the acrocoracoid,* making thus a complete bridge 
over the sulcus -supracoracoideus. The coracoids slightly 
overlap at their articulation with the sternum. 

The hapmapophyses are characteristic. In Corythaix alhcn 
cristata Cll has paired processes ; on C12 and C13 the haema- 
pophyses form a continuous ventral keel to those vertebrae. 
The three following vertebrae have haemapophyses. The 
extremities of those of D1 and D2 are expanded with a 
median ridge, owing to the catapophyses having descended 
them.'** 


OPISTHOCOMI 

Definition, — Aftershaft present. Oil gland feathered. Beotrioes, ten. 
Quintooubital Muscle formula, ABXY + . Biceps slip and 
expansor secundariorum present. Carotids, two. Ceeca present. 

I Skull holorhinal, schiEOgnathous, without basipterygoid pro- 

cesses. Sternum peculiar in form, wider behind than in front ; 
the spina externa ankylosed with furcula. 

There is no doubt that this group, consisting of but 
a single genus and species, Opisthocomus cristatus, the 
hoatzin of British Guiana, forms a well-marked group of 
birds. 

The external characters of the adult ^nd young have been 
chiefly described in recent years by Nitzsch, Pyckaft,^ and 

' In Corythaix persa the atlas ring is incomplete. 

* Cf. OalU, in which the same fusion occurs. 

* E. Blanchard, * Remarques sur I’Ost^ologie des Musophagides,’ Compt. 
Rend. xlv. p. 699. 

* * On the Pterylography of the Hoatzin,* Ibis, 1895, p. 346. 
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myself/ the internal anatomy of the soft parts by Perrin/ 
Garrod/ Gadow/ Mitchell/ and myself. 

The pterylosis of Opisthocomus shows a less sharp differ- 
entiation into pterylaB and apteria than in many birds ; many 
of the spaces are covered with a sparse feathering of semi- 
plumes. This condition may be, as Garrod has suggested, 
immediately derived from a continuous feathering. Never- 
theless there is a sharply marked apterion upon the carina 
sterni, which is necessarily, therefore, of limited extent. The 
dorsal apterion is but feebly marked. In the young chick 
the ventral apterion was as clear as in the adult, but I could 
discover no trace of a dorsal bare space. In the young uii- 
hatched chick the ventral feathering was closer than the 
dorsal. 

The skin lying upon the carina sterni is dense and thick- 
ened, a state of affairs which appears to have some relation 
to its habit of squatting close to the branch upon which it is 
resting. 

The principal recent papers upon the osteology of this 
bird are those of Huxley ^ and the more recent and more 
elaborate treatise of Parker.* The cervical vertehrce are 
nineteen in the adult ; but Parker found only eighteen in 
the unhatched young. The atlas is notched for the odontoid 
process. Haemapophyses are verj' feeble. The last two or 
three cervicals are ankylosed with each other, and form part^ 
of the dorsal series of ankylosed vertebra?. There is some 

' * Contributions to the Anatomy of the Hoatzin,' Ac., Ibis, 1880, p. 288. 
See also C. G. Youno, * On the Habits and Anatomy of OpistJwcomm cristaius ; ' 
Notes Leyden Mus. x. p. 169 ; and J. J. Quklch, ‘ On the Habits of the 
Hoatzin,' IbiSy 1890, p. 327. 

* ‘ On the Myology of OpisDiocomus cristatmy Tr. Zool. Soc. ix. p. 358. 

• ‘ Notes on Points in the Anatomy of the Hoatzin,' P. Z. S. 1879, p. 109. 

^ ‘ Description of the Modification of certain Organs,^ Ac., Z(K)1. J.B. v. Abth. 
Syst. V. 1891, p. 629, and Proc. R. Irish Ac. (3), ii. p. 147. 

* See below, p. 288, footnote, for reference. See also a recent paper 
by Goeij>i in Omith. M.B. May 1895, and more fully in Bol. Mus. Para. 
1895. 

• * On the Classification and Distribution of the Alectoromorphee,* P. Z. 8. 
1868. 

’ ‘ On the Morphology of a Reptilian Bird, Opisthocomus crisUstm' Tr. Z. S, 
1891. 
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variation as to the number of cervical vertebrae, which bear 
long rib stylets. As a rule five complete ribs exist, of which 
all bear uncinate processes. The sternum (see fig. 140) is ex- 
ceedingly remarkable in its form. It is wider behind than in 
front, with a pair of notches, and outside of these a pair of 
foramina ; the keel is shorn away anteriorly, but w^ell deve- 
loped posteriorly. The furcula, which is shaped like a fork 
with nearly straight lines, is completely ankylosed on the 
one hand with the coracoids, and ])y its median region with 



Flo. 140.--Htkhnom ok Opisthocomus. Fio. 141. -Sternum of Opis- 

Side View. (After Huxley.) Oiocutnus, Front View\ 

(A ITER Huxley.) 


the spina externa sterni. The region of the furcula, however, 
which comes into contact with the sternum was found by 
Pahker to be a separate ^needle of bone,’ wliich he regarded 
as the interclavicle (see p. 181 ). The scapula is provided in 
the young with a distinct suprascapula, segmented off from 
the scapula. 

The pelvis is especially compared by Huxley with that 
of Coturnix ; it has no ileo-pectineal processes. 
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In the ^ktdl the rostrnln is articulated with the frontal 
region by a well-marked hinge. The skull is holorhinal, 
schizognathous, and there are no basipterygoid processes. 
The vomer is expanded and bifid in front in a fashion that 
recalls the eegithognathous skull and that of certain of the 
Charadriiformes (see below). 

In the young skull Parker figures basipterygoid pro- 
cesses, not. however, articulating with the pterygoids ; they 
appear to be not unlike those of Aptornis (see below). The 
holorhinal nostrils are partly obliterated by an ossified ali- 
nisal, as in so many picarian and passerine birds. 

The alimentary canal of Opiathocomus is remarkable in 
more than one way. There is. in the first place, the enormous 
crop, which has been most recently and most fully described 
by Gadow. This organ is very large, and rests upon the 
furcula and the fore part of the sternum, for the abortion of 
the anterior part of whose keel Gadow thinks the crop is by 
its pressure responsible. The crop too is exceedingly muscu- 
lar, and has numerous parallel folds in its interior, some of 
which are continued into the (esophagus below. The gizzard 
is much reduced in size. Probably the crop is not a mere 
storehouse, but a compartment where at least trituration of 
the food (chiefly leaves) takes place. 

The most remarkable feature about the intestine ^ is 
the long and coiled rectum, a feature which is also found ^ 
among the struthious birds and in the archaic Chauna. 
The general arrangement of the coils of the small intestine is 
intermediate between those of Pterocles and pigeons. There 
is in the middle loop a faint trace of the spiral found in the 
corresponding loop of the pigeon’s gut. There are also like- 
nesses to the form of gut in the cuckoos. The c(eca are 
fairly developed. 

The peculiarities of the muscular system mainly concern 
the hind limb, and chiefly characterise the ambiens. The 
muscle formula is complete, i,e, ABXY-f . The ambiens, 
however, is subject to variation. Gakrod found that in all 

■ P. Chauhebs MiTCHELii, * A Contribution to the Anatomy of the Hoatzin 
{OpUthoccmuB cri$tatm)t Z, 8. 1896, p. 618. 
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of six knees that he examined the ambiens was present, 
though small ; but in only one knee did it cross the knee to 
be inserted in the usual fashion in connection with the flexors 
of the leg. Mitchell dissected this muscle in two specimens ; 
in one the ambiens was completely absent above the knee, 
but in each case (see fig. 53 , p, 96 ) a ligament left the fibula, 
and, dividing into three, joined each of the three perforated 
flexors in the way in 
which, as has been 
already described, it oc- 
curs in birds which have 
this ambiens rudiment. 

In the second case there 
was an ambiens above 
the knee, but it became 
lost upon the fascia of 
the knee, and not con- 
nected with the ambiens 
rudiment springing from 
the fibula, which was 
there present. So in 
this bird there are many 
stages in the reduction 
of this characteristic 
muscle, which is clearly 
in them on the wane. 

It is apparently the 143 Opisthoco,n,is. Front 

rule among birds for View. (After Garrod.) 

there to be a vinculum 

between the two superficial flexors of digit III. This slip 
is w’anting in Opisthocomus, as it is, according to Mitchell, 
in Asia otus and Bhytidiceros plicatus. The deep flexor 
tendons are connected by a strong vinculutn. 

The syrmx has been described by Garrod and myself. 
The accompanying figure is from Garrod ' s paper. The 
last few rings of the trachea are solidified into a tracheal box^ 
and the intrinsic muscles do not reach this box, being only 
continued on to it by a ligamentous continuation. There is 

u 
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some variation in the number of rings which coalesce to form 
the box, while the fibrous continuation of the intrinsic muscles 
may reach the first bronchial semi-ring. This muscle is 
evidently decaying in Opisthocomux. 

6ALLI > 

Definition. — Quintooubital birds with an aftershaft. Muscles of leg 
generally ABXY 4 . Expansor seoundariorum present. Entepi- 
oondylo-ulnaris present. Ceeoa large ; a crop present. Skull 
sohisognathous, holorhinal, with sessile basipterygoid processes. 
Palatines without internal lamina. 

This very large group of birds, universal in range, shows 
a considerable amount of structural variation. 

The oil gland is generally tufted ; but it is nude in the 
Megapodes and absent altogether in Argus. 

The pterylosis of the Galli is, according to Nitzsch, 
singularly unifonn. He figures Gallus hankivay Pavo 
cristatus, and Meleagris gallo-pavoy describing also a few 
other types. There are lateral neck spaces in all ; the dorsal 
tract is single in Gallus, widening out on the back; in the 
peacock it widens out in a more pronounced fashion and 
further back than in Gallus. In the turkey there is a 
narrow space in it between the shoulder blades. 

The ventral tract divides early upon the neck, and each 
tract gives off on the breast a wider, denser outer branch ; 
the tw^o median tracts then continue nearly to the cloaca, 
w here they unite. 

In Perdix and Tetrao there is a dorsal space, as in Meleagris. 

Among the Cracidae there may or may not be a space in 
the dorsal tract. 

The pectoral muscles of gallinaceous birds, like those of 
the tinamous, meet over the keel of the sternum ; this is at 
least the case with Euplocamus Vieilloti and some others. 

* H. Bmbohm, * An Attempt to Diagnose the Sub-Orders of the Great Galli - 
naceo-Gralline Group of Birds by the Aid of Osteologioal Characters ak>iie«’ IbU, 
1888, p. 415. 

* CalUpcpIa califomica has a small tuft ; in C. squamata I have observed 
both the complete absence of a tuft and the presence of a very small one. 
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The deltoid may or may not possess a special tendinous 
slip from the scapula. This slip is absent in Mitua tomentosa, 
Excalfactoria chinensisy and Callipeplay but present in 
Ortalis alhiventrisy Crax Sclateriy C. Daubentoni, Crosso- 
ptilon mantchurimm. It is evidently, therefore, not of great 
use in classifying the group. 

The biceps slip is generally present, but absent in 
Ortalis albiventrisy Crax, Mitua ; it is present in Megapodius 
and Megacephalon absent in TalegallOy NumidUy and 
Melcagris, The same remark may, therefore, be made about 
this muscle. The humeral head of the anconceus is not 
always present. 

The tensor patagii brevis of gallinaceous birds has a 
thin, wide, diffused tendon, as in the tiuamous ; there is no 
patagial fan. 

The entepicondylo-ulnaris is another muscle which they 
share with the last-mentioned group. 

The expansor secundariorum is a muscle which appears 
to be invariably present among the Galli, but to have vary- 
ing relations at its scapular insertion. 

‘ In the majority of the gallinaceous birds,* wrote Pro- 
fessor Gahhod, ‘ the expansor secundariorumy with the normal 
origin from the secondary quills, has a different method of 
insertion, which has led M. A. Milne-Edwards to describe 
the muscle in the common fowl as a part of the coraco- 
brachialis {brevis) in his superb work on fossil birds. 

‘ In the genera TetraOy FrancolinuSy BolluluSy PhasianiiSy 
Euploca^nuSy GalluSy CcriorniSy and Pavo, the muscle, instead 
of being inserted into the scapulo-sternal fibrous band, above 
referred to, after blending to a certain extent with the axillar}" 
margin of the tereSy ceases by becoming fixed to a fibrous 
intersection about one-third down the coraco-brachialis 
brevis muscle. 

‘ In Francolimis Clappertoni from among the francolins, 
Coturnixy OdontophoruSy OrtyXy EupsychortyXy and Numida, 
the tendon does not go so far as the short coraco-brachialis , 
but ends either by simply joining the axillary margin of the 

* Absent, according to FrnsBiNOEiu 
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teres or by at the same time sending a tendinous slip 
behind it to the scapula. In Argus giganteus the tendon, 
running from the elbow, turns round the axillary border of 
the teres to end by joining a triangular muscular fasciculus, 
attached by its base to the upper portion of the thoracic 
surface, which appears to be nothing but a differentiation-off 
of the upper portion of the last-named muscle. In the 
Cracidce this insertion into the scapula is also found, but it 
is tendinous, like the upper element of the thoracic band 
above described in the storks and Chauna ; and in them 
there is also a second tendinous slip from the axillary margin 
of the coraco-brachialis Jongus (not the brevis). In the Mega- 
podidpp also the attachment to the coraco-braehialis brevis is 
wanting, the tendon ending either by blending with the teres 
margin or running on to the scapula.’ 

The glutceus prnnus is a large muscle covering the 
biceps. Gluteeus V. appears to be always present, but is 
sometimes {Thaumalea picta) quite tendinous.’ 

Most gallinaceous birds have the complete muscle formula 
ABXY -f . The femoro-caudal, however, varies in size, 
and is quite absent in Pavo and Mclcagris. It is very 
slender in Crax and Ortalis.'^ 

The deep flexor tendons belong to type I., and are illus- 
trated in fig. 54 (p. 100). 

There are two carotids in all but the Megapodes, where 
the left only is present. A gall bladder is present. 

Some intestinal measurements are given on p. 293. 

The trachea has in a few gallinaceous birds two pairs of 
extrinsic muscles, thus resembling, it will be observed, the 
Anseres and Palamedefle. 

Thus in Crax Daubentoni, besides the usual sterno-trache- 
ales, which arise in the ordinary w ay from the costal processes, 
there are a pair of cleido-tracheales, springing from the 

* For the tail mascles of the peacock see Hemming, Proc. Linn. Soc. 1B44, 

p. 212. 

* Gaxroi) has figured (ia MS.) an '* abnormal Gallwt domcHticm with a 
peculiar additional muscle springing bj tendinous slips from femur, femoro- 
caudal, accessory ditto, and semitendinosus, and running to gastrocnemius.’ 
It was the same on both sides. 
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Name of Blr<l 


Pavo crifttatua 
„ nigripennis , 

,» muticus 
M apicifer 
Caccabis chukar . 

Argus giganteus , 

Ithaginis Geoffroyi 
Polyplectron cbinquis . 

„ bicalcaratum . 
Rollulus coronatua 
Arboricola torqucola . 
Coturnix communis 
Ortyr virginianus 
,, cristatns 
,, Gambelii . 
Odontophorus denlatus 
Penlix cincrca 
Phasianus versicolor . 
Thnumalea AmherstJa' 
Euplocamus Swinhoii . 

,, erythrophlhalnius 
,, Vieilloti . 

„ nycthemerus . 

,, cristatus . 

„ aibo-cristatUB . 

„ Anderson i 

„ nobilis 

Ceriornis Temraincki , 
c? „ satyra . 
Lophophorus impeyanus 
CroBSoptilon luantchuricum 
Lobiphasianus Bulweri 
GalluB bankiva . 

• Sonnerati . 

Numida meleagris 
„ ptilorhyncba . 

,, cristata . 

M Edouardi 
,, vulturina 
Tetrao urogallus . 

„ tetrix 
,, phasianellus 
„ cupido 
Meleagris ocellata 
Francolinus afer . 

gularis 

Crax globicera 
,» Platen 
,, Daubentoiii 
,, Alberti 
„ globulosa 
Mitua tuberosa . 

„ tomentosa . 

Penelope cristata 


♦ 


Suiail latest. I Large Intest. 

j Caeca 

■ 


. . 

Indues ' 

fnclierf 

Iiicbes 

5f) 

4 

9 

50 

4 

8 and 9 

39 

3-5 

6*5 

44 

3 

9 

4f5 

3-5 

7*5 

30 


45 

70 to 84 , 

5 

5*6 to 7*5 

66 1 

4-5 

6*5 

31 — 

3-5 

7*5 

37 


3-5 

37 ! 

4 

3*75 

25 

2*5 

3 

37 i 

3 

5*25 



2*5 

22 


4 

22 

2'5 

3 




18 ! 

3 

4 

28 

3*5 

3*5 

^ 

43 


5*75 

46 

3 

5 

53 

3*5 

7 

30 

3 

6 

6(> 

3*5 

7 

56 

4 

7 

42 

3 

5*5 

42 

3 

8 

34 

3*5 

6 

47 

3*5 

5 

64 

3*5 

8 

59 

3*5 

8 

61 

5 

6*5 

39 

4 

10*5 

54 

4 

6 

61 

5 

6*25 

35 

2*5 

4 


3 

5 

29 

3 

5-25 

33 — > 

3 

6 

34 


5*5 

39 

4 

9 and 10 

78 

8 

30*5 

59 

6 

2*75 

16 

48 

6 

17 

66 

5*5 

13*5 

31 

2 

6 

30 


4 

126 J 

4(2) 

7 and 8 

H5 \ 

4 

' 4*5 

104 

4 

6*5 

118 

4 

6 

121 — — 

5 

4-5 

123 


6*5 

90 ] 

4 

55 

3B 

2*5 
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Name of Binl 


Penelope cujubi . 

„ cujubi . 

pileata . 

,, jacuoaca 
Pipile jacutinga . 

„ cumanensis 
Aburria carunculata 
Ortalis albiventris 
Talegalla Lathami 
Megacephalon maleo 


lali Intest. , lute jit. 

C»t‘a 

Inohce 

liieheii 

Inohetj 

48 

1 ^ 

3 

29 

1 2-5 

2-5 

36 

— — 3 

8-5 


42 

2-75 

51 

— 4 

4 


56 

4 

40 - 

2*25 

4 


24 

2-5 


72 

5 

51 


5*5 


anterior end of the steriiiini and from fibrous septum between 
it and the pessular process ; these muscles run up the sides 
of the trachea, reaching further than the sterno-tracheales. 

here the trachea is convoluted it sometimes liappens 
that the extrinsic muscles are quite abnormal in their attach- 
ments ; thus in the males of Penelojjc pileata and Ortalis 
albiventris the muscles in question do not enter the thoracic 


L 



Fio. 143. — of Pavo spicifer. 
Front View. (After Garrod.) 


1 



Flu. 144.--SyRiNX of Same. Back 
V iKw. ( After Garuoo. 


cavity, but pass close to the carina sterni and are inserted 
at the very end of the sternum. 

The syrinx of gallinaceous birds has been chiefly studied 
by Garrod.^ From his paper the following account of this 

* * On the Conformation of the Thoracic Extremity of the Trachea in the 
Claw Aves, Pt. 1, The GalliniE,’ P. Z. S, 1879, p. 854. 
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organ has been mainly drawn. The simplest form of the 
syrinx is seen in the peacock (fig. 143), where the modification 
of rings at the bifurcation is of the slightest. The last two 
tracheal rings are partly fused behind. The accompanying 
series of illustrations (figs.143-147) show some of the princi- 
pal forms of syrinx among the Alectoropodes, in which it will 



Fio. 145 .— Syuinx of CaUiprpJa califor- Fio. 14 ().- Syhixx of Same. Back 
nica , Fiuint View. (Afteii Gahrod.) View. (After Garrod.) 


be noticed tliat intrinsic muscles are but occasionally present. 
When present they do not descend to the bronchi, but cease 
upon the trachea some way in front of the bifurcation. The 
most remarkable modification of the intrinsic muscles is in 
Callipepla califoniica (figs. 145, 146), where the muscles 
descend the trachea posteriorly, and are inserted on to the 
bronchidesmus. This state of affairs is not unlike what is 
found, and will be described (see below), in the condor. It is 
uncertain whether these muscles may be not more accurately 
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referred to the cleido-tracheal extrinsic pair (see below). A 
very singular syrinx is that of the male Tetrao tetrix (fig. 147). 
On each side of the trachea at the lower end is an ' immense 
irregular tumefaction, connected with its fellow by a bridge 
of fatty tissue.* It appears to be mucous in its chemical 
nature ; but it may possibly have some relation to the tracheal 



Fio. 147.— Syiunx op Malk Tetrao tetrix. Front View, 

(After Garboi>.) 

box of the male ducks, and be thus another of those many 
unexpected resemblances between the two groups. 

The Cracidse (fig. 148) generally possess the intrinsic mus- 
cles, which are, how^ever, short, as in the other Oalli. The 
syrinx itself has no salient characters by which it may be 
distinguished from the Alectoropodes. 

Garroi) * has also described and figured (fig. 150) the 
syrinx of the megapode Megacephalon Tnaleo. It is rather 


* * On the Anaiotnj of the Maleo,* P. Z. S. 1878, p. 629. 
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peculiar in form, but has a pair of intrinsic muscles, which 
reach the first bronchial semi-ring ; in this point the syrinx 
is more primitive than that of other Galli. 



Fig. 14B. — Syrinx ok Aburria caniii Fio. 140. — Sywnx of Samk. Back 
culata. Front Vikw. (Akter Garrod.) View. (After Gabuod.) 


Tlie skull in gallinaceous birds is in many respects 
remarkably cluck-like.' The basiptervgoid processes — a little, 

1 .. r 




Fig. 1»)0.— Sykinx or McgaccphaUm maleo. A. Front View. 
B. Back View. (After Garrod.) 


but not much, more pronounced in the Megapodes — are oval 
sessile structures, with which again, as in the ducks, the ptery- 
* As pointed out by Parker. 
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goids articulate by their anterior ends. The palatines too are 
devoid of an internal lamina, and the angle of the mandible is 
recurved and produced ; it is enormous, extended upwards, in 
Tetrao. 

In the typical gallinaceous birds the maxillo-palatines 
are generally small or even obsolescent. In Gallus bankiva ‘ 
they are triangular plates of fair size ; in Tetrao urogallus 
(fig. 152) they are small, narrow, backwardly projecting 
plates, not quite so long and thin, and not so curved as those 
of Talegalla. In Ptilopachys they are somewhat inter- 
mediate; in Callipepla californica they are still longer. In 
Numida and Meleagris they are much the same. 

The lacryrnals are not large, ^ and have a feehle or aborted 
descending process. It is very general for the post-frontal 
and zygomatic processes to fuse and enclose a more or less 
triangular foramen, and sometimes, as in Tetrao'^ and Crosso- 
ptilon, the zygomatic bar extends forwards a considerable 
way in front of its junction with the oth(‘r. 

The interorbital septum is sometimes {Coturnix, Calli- 
pepla, Perdicula, Ptilopachys) considerably fenestrated. 

The vomer, in gallinaceous birds generally, is thin and 
splint-like. 

As to the Megapodes, there are some differences in the 
skulls of the two genera Talegalla '*and Megacephalon. The 
latter has the well-known hammer-shaped projection of the^ 
back part of the skull. In both genera the palatiiu^s are 
slender, and there is some ossification of the nasal septum. 
The interorbital septum is not much fenestrate, but it is 
deficient in front. In Talegallalha inaxillo-palatines are thin 

’ 8HrrELi>T, * Observations upon the Morphology of (ialluH bankiva,' Ac. 
Joum. Comp, Med. Surg. ix. p. H43. 

^ Wood-Mason has described {Ann. Mag. Naf. Hist. xvi. 1875, p. 145) supra- 
orbital bones in certain partridges. Cf. as to this point Tinamous, Psophia, 
and Mentira. 

* Shufeldt, ‘Osteology of the N. American Tetraonida?,’ Bull. V. S, Oeol. 
Surv. vi. p. 309. 

* The skeleton of this bird is described by Paiikkk, * On the Osteology of 
Gallinaceous Birds and Tinamous,' Tr. Z. S. v. p. 160. Bee also W. K. 
pABKEit, ‘ On the Structure and Development of the Skull of the Common 
Fowl,’ Phil, Trans, 1870, p. 159. 
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plates, ending in a curved point very much like those of some 
passerines (e.g. Pteroptochus), Each is vacuolate posteriorly 
in Talegalla. They do not nearly come into contact in the 
middle line. In Megacejylialoii these bones are spongy plates, 
which do nearly come into contact ; the palatines, slender in 
both birds, are more bowed in Talegalla^ and thus enclose a 
wider interpalatine vacuity. The lacrymals of Talegalla are 
small and ankylosed to the skull wall ; the ectethrnoids are thin 
plates. A curious difference in the skulls of these two birds 
conc(‘rns the nasals and premaxillaries. In Megacephalon 
there is nothing worthy of special remark except the tumid 
outer part of the nasals ; in Talegalla the premaxillary pro- 
cess of the nasals approach each other in the middle line, 
and cut the nasal process of the premaxillary into two, an 
anterior and a posterior portion. 

In the Cracidie the inaxillo-palatines are largish plates, 
concave inferiorly and convex above, which in Crax glohicera 
actually come in contact for a short space, and fuse with 
each other and with the median septum. In Pauxi galeata 
this fusion (perhaps ow ing to the great casque) is even better 
marked. There is nearly a fusion in Aburria caninculafa ; 
in Ortalis albircntris, on the other hand, the maxillo- 
palatiiH's are well apart. 

In Ortalis and Aburria tliere is no ossification of the 
nasal septum; in Crax there is a median piece, which expands 
below' to become attached to (C. Sclateri) or fused with 
(C, glohicera) the maxillo-palatines. In Pauxi galeata the 
nasal septum, as might be expected, is quite complete and 
very strong. 

There are also in this group of gallinaceous birds a series 
of stages in the development of the zygoma and the post- 
orbital processes. In Ortalis they are short ; in Aburria 
longer and convergent ; in Crax Sclateri and Pauxi galeata 
they meet distally, and enclose a triangular foramen ; finally 
in Crax glohicera they are completely fused throughout, and 
form a stout triangular process. 

The lacrymals in this family are large, wdth a large 
descending process. The ectethrnoids are but slightly ossified. 
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The interorbital septum is more fenestrate than in the Mega- 
podes, but still not markedly so. 

The Gktlli have sixteen cervical vertebrae. In Gallus 
hankiva the catapophyses of vertebra 10 nearly enclose a 
canal ; on the next vertebra the two processes have almost 
fused into a single one, the two processes being closely 




Fio. 151.— Skull of Crax globicera, Sidk Vikw. (Aktku Huxlky.) 
Pmx, prfmaxiUB ; -S luisal sepinui. 


soldered together for their whole length, and not, as is so often 
the case, divergent at the end. All the remaining cervical 
vertebrae have strong median haemapo])hyses, those of the 
sixteenth being fused with the two following at their ex- 
tremities (cf. Mu8ophaga,j), 285). The last cervical vertebra 
and the three anterior dorsals are themselves fused. 

It will be simpler to compare the vertebra? of Gallus 
with those of some other Oalli by means of the following 
table : — 


- 

First HeiD' 
apoph. 1 

La4rt; Homi. 

U«) 


Crossoptilon mantchuricuvi 
Numida cristata 

Cll 

D4 

CKLDS 

C16-D8 

Cll 

D3 

C16-D2 

ClfLDS 

Talegalla Lathami . 

Cll 

D2 

C16~D2 

cum 

MegacephaUm maleo . 

CIO » 

D1 

C15-I)l 

C15-.D2 

Callvpepla caUfomica 

CIS 

D2 

C16-D2 

C1B-D8 

Ptil<^chys ventralis 

Cll 

DS 

D1-D3 

D1-D8 

Aburria carunculata . 

C12 

D8 

D1>I>2 

Cia-D8 


' Biflcl at end. 
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It is evident that not much of classificatory importance 
is deducible from the above facts. Huxley has used with 
more success the remaining parts of the skeleton. 

The gallinaceous birds are divided by Huxley into two 
main subdivisions, Peristeropodes and Alectoropodes, 



Fiu. 152 .— Skill of Tetrao 
vrogallus, Vkntkal Vikw. 
(Aftek Huxley.) 

Mrp ^ niaxUIf»*[«latinf» : r»», vomor ; 
Afx , mtixiUn ; /V, naliitlnos ; /*( ptory- 
(Toldji ; , ba8l|>ter^Koid fat'ct.s ; 

]>rouiaxillu. 



Fig. 153.— Ster.vum of Crax 
globicerci (after Huxley). 
Letters as i.v Fig. 72, p. 

128, WITH WHICH THIS FiGURE 
IS TO be compared. 


The former contains the Cracidie and Megapodidse, the 
latter the remaining families. 

The Peristeropodes may be thus defined 

1. Sternum with not very deep inner notches (fig. 153) and 
with short obtuse costal processes, the anterior edge of which 
is at right angles to the long axis of sternum. 

2. Hallux on a level with other toes. 
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The Alectoropodes in tliis way : — 

1. Sternum with very deep inner \iotches (fig. 72, p. 128), 
and with long costal processes, whose long axis corresponds 
with the long axis of sternum. 

2. Hallux attached above the level of other toes. 

The former group, w^hich undoubtedly, so far as the above 
characters are concerned, is the more primitive, consists of 
the curassows and the Megapodes, limited respectively to 
Central and South America and to Australia and some of the 
Indian islands. 

These two families are distinguished by Huxley mainly 
on account of the differing form of the hallux ; but there 
are other points of dissimilarity, not known at the time when 
he wrote. The two families may be thus differentiated : — 

Cracida? Mogap(>di«I» 

1. Hind toe not so long in Hind toe longer in pro- 

proportion to rest. portion. 

2. Oil gland feathered. Oil gland nude. 

3. Biceps slip never Biceps slip sometimes 

present. present. 

4. Two carotids. Left carotid only. 

5. Trachea generally coiled. Trachea always straight. 

The Alectoropodes may be readily dividerl into three 
groups, which may be thus differentiated : — 

The 

1. Second metacarpal without backward process. 

2. Costal processes outwardly inclined (thus forming 

a transition between Alectoropodes and Peris- 
teropodes). 

The remaining families, which will be distinguished from 
each other immediately, agree with each in differing from 
the Numididse in both the points mentioned. 

Meleagrid.®:. 

1. Postacetabulum longer than preacetabulum. 

2. Postacetabulum longer than broad. 
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3. Furcula weak and straight (viewed laterally), with 
straight rod-like hypocleidinm. 

In the remaining gallinaceous birds the preacetabular 
length is greater than the postacetabular (equal in Tetrao 
cwpido) ; the postacetabular area is broader than it is long ; 
the contour of the furcula is curved, with an expanded 
hypocleidium. The series of birds wdiich have these cha- 
racters may be divided into the galline and the tetraonine 
type. 

In the former the postacetabular region is only moderately 
broad ; the hypocleidium is oval in contour ; the tarso- 
metatarsus is more than half as long as the tibia, and there 
are a number of smaller osteological marks. 

In the grouse-like birds the postacetabular region is very 
broad ; the hypocdeidium has a triangular form, and the 
tarso-metatarsus is not half as long as the tibia. I do not 
give Huxley’s characters in detail, since he has pointed out 
that the tw'o series meet among the partridges and quails, and 
cannot thus be sharply marked off. 

The Alectoropodes have a range which is related to their 
anatomical differences, as have the Peristeropodes. The 
Meleagrida[> are confined to America, the Numididae to 
Africa, the Phasianida^ to the Oriental region just encroach- 
ing upon the Pala^arctic, wdiile the Tetraonidae are Palaearctic 
• and Nearctic. 

The Galli seem to be undoubtedly an ancient group of 
birds, a view which is upheld by their points of likeness to 
many diverse groups. 

That they are an ancient group is also shown by their 
quintocubitalism, the primitive character of the gut con- 
volutions, the often complete muscle formula, and the 
existence of basipterygoid processes. The existence of these 
structures has led to their comparison with other groups of 
birds. Less weight, how^ever, appears to be due to these 
more general points of resemblance than to other slighter 
but equally constant similarities. The existence of the 
entepicondylo-ulnaris muscle is an example to the point. 
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The Oalli share this muscle with the Tiiuuni only ; and no 
one will doubt on other grounds that the gallinaceous birds 
and tinamous are distinctly related. It is, however, with 
the Aiueres that the greatest number of special resemblances 
of this character exist. These have been admitted by 
Huxley and Parker ; and more recently, in one of his 
alternative schemes, Seebohm united the two groups. In 
these two groups the palatines have the peculiar character 
of wanting the internal lamina, which is at most indicated 
by a slight ridge ; in both of them the basipterygoid pro- 
cesses can hardly be described in those words, as they are 
but oval facets for the articulation of the pterygoids; The 
two pairs of extrinsic muscles of the syrinx are one of the 
strong reasons for uniting the Anseres and the Palamedes, and 
we have among the Oalli forms in which there are the same 
extra pair of muscles present. The general habit of a 
gallinaceous bird is, it is true, somewhat remote from that 
of an anserine bird ; hut Palamedea might with truth be 
described as a goose-like bird with external likeness to a 
curassow, or as a gallinaceous bird which had put on the 
characters of the Anseres. Its likeness to both is considered 
on another page. 

The existing genera I'etrao, Lagopus, and FrancoUnus are 
known from Pleistocene deposits in countries which they at 
present inhabit, and the species from which these few remains 
have been described are existing species. Similarly ('oturnix 
Nova Zealandia and Talegalla Lafhami have been met with in 
the Pleistocene of .\u8tralia and New Zealand, both of them being 
species now living in the localities whence their fossil remains 
have been extracted. PJutsianm is represented by a numlmr of 
extinct species from Europe as old as the Miocene. Three totally 
extinct genera described by Mione-Edwauds are PaUeortyx, 
Palaoperdix, and Taoperdix. These are all Eocene or Miocene 
and European. Taoperdix presents affinities to Meleagris and 
Numida. 
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COLUMBiB' 

Definition , — Aftersliaft absent. Oil gland absent or nude. Crop 
present. C»oa nipples. Syrinx with asymmetrical extrinsic 
muscles. Of the leg muscles ABX always present ; deep plantar 
tendons of type I, Biceps slip present and peculiar in form. 
Shull sohizognathous, schizorhinal. Basipterygoid processes 
present, except in Didus. 

This group of birds contains something like 458 species, 
which are divided into sixty-eight genera. Pigeons are cos- 
mopolitan in range, and show a considerable amount of 
structural variation. 

The absence of an aftersliaft and the often rudimentary 
condition of the oil gland are among the most important 
variable external characteristics of the pigeons. The latter 
is never feathered, and is sometimes totally absent. But its 
presence or absence cannot be made use of as a fact of great 
systematic importance ; for we find in the same genus 
Ptilopiis two species, Pt. coronulatus and Pt. superbus^ with 
a minute oil gland, and two others, Pt. assimilis and Pt, 
puella, from which the gland has entirely disappeared. 

The rectrices vary in number from 12 (e.g. Columhula) 
through 14 (e.g. Phaps), 16 (Goura), to 20 (Otidiphaps). 
But the variations do not invariably coincide with the limits 
of genera. Pimps chalcoptera has 16 rectrices, P. elegans 
only 14. Phloganias Stairi has 12 rectrioe^, P, cruentata 14. 
There are other examples. Though for the most part 
aquincubital, it is remarkable to find in Columbula a quinto- 
cubital bird (Mitchell). 

I have by me a careful manuscript account of the pterylosis 
of Diduncuhs by Mr. Forbes. The dorsal tract is strong 
and broad upon the neck, narrowing a little below ; w^here 
it narrows it becomes stronger. Below the shoulder it bifur- 
cates and becomes suddenly weak ; below this point the whole 
dorsal region is covered with a weak and diffused feathering, 
which is especially weak over the head of the femur. In the 

' C* J. Tkmminck, Histoire Naturelle Qinirale des Pigeons et des Oallinacies, 
Amsterdam et Paris, 1818-1815. 


X 
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middle line posteriorly the dorsal tract is again strongish. 
The lumbar region is also strongly feathered, and the thigh is 
covered by a strong tract which ends very abruptly below. 

The ventral tract is much weaker, and on the neck 
gradually merges into the lateral space which extends from 
a short way below the head to the shoulder. Below this the 
ventral tract is still weaker, and does not bifurcate until the 
upper end of the carina stemi. The median apterion is 
oblong and narrow, and reaches the cloacal aperture. In 
the abdominal region the two tracts get stronger. The 
pterylosis of Columha livia as figured by Nitzsch hardly 



Fig. 154. — Hoiiizontal Skctions gf Fig. 155. — r/, Gi/.z.\ri> ok i 

Gizzauos of, a , Ptilojyun jambu, latrans. 6, Onk of Houxy Ttheh- 
b, Trer ^ calva { k¥TKH G\inun»). clkh in Skcthix. (Aktku Gaiiiioi>.) 


differs, and is typical of the pigeons in general ; there is no 
down. 

All pigeons have a well-developed croj), the presence of 
which organ is presumably related to their fruit- and grain- 
eating mode of life. 

In Carpophaga, a fruit-eating pigeon, the gizzard is very 
weak ; but in other pigeons this organ is very strong, its 
walls being even ossified in Calcenas nicoharica} In Ptilopus 
a cross section of the gizzard has the peculiar form showm 
in the accompanying drawing, where it is compared with a 


' Vereeaux and De» Mitre describe an exaggeration like this in PJiwnorhina 
goliath, where also the tubercles are ossified {liev. Mag. Zool. 1802, p. 13S). 
See also Flower, * On the Btructure of the Gizzard of the Nicobar Pigeon,’ 
P. Z. S. 1860, p. 380. 
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pigeon showing a more normal state of affairs. There are 
four muscular pads in its walls, so that in transverse sections 
the lumen is cruciform. In Ptilopus coronulatus the lumen 
of the gizzard is not regularly cruciform, like Pt, jambu, 
but irregular and asterisk-shaped ; so with Pt. superbus. 
Chrysoena viridis has also a ptilopine gizzard. In Carpo- 
phaga paulina the transverse section shows a close approach 
in the structure of its gizzard to that of Ptilopus. In C. 
latrans (fig. 155) the gizzard is lined with extraordinary 
conical horny processes.* The right lobe of the liver is 


larger than the left, and 
the gall bladder may be 
absent or present. 

‘ In the Columbie 
which I have examined 
(Columba* of several 
species (fig. 15()), Phlo- 
guanas cruentata),' re- 
marks Mr. Mitchell, 
‘ it is tempting to regard 
the gut as a simple deri- 
vative of the type seen 
in Pterocles. The duo- 
denum is longer and 
narrower. The circular 
loop is enormously ex- 
panded, but the three 



Fio. — Intestines or Columha livia 
(after Mitchell). 


subsidiary loops seen 

in Pterocles remain. The first of these is somewhat shortened ; 


the second, that bearing the yolk-sac vestige at its end, is 
enormously lengthened ; the mesentery is folded along the 
line of the median mesenteric vessel, so that the two limbs 


of the loop are brought in contact with each other, and, 
finally, the whole folded loop is rolled into a rough spiral. 
The third subsidiary loop of the circular part of the gut has 


* K. Gehmain, ‘ N jte 8ur la Structure du G68ier chez le Pigeon Nicobar,’ Ann. 
Scu Nat (5). iii. p. 85*2 ; Gaiibod, * Note on the Gizzard and other Organs of 
Carpophaga latrans^ P. /. N 1878, p* 102. 


X 



808 STRUCTURE AND CLASSIFICATION OF BIRDS 


the same arrangement and veins as in P ter odes ; but the 
csBca no longer run along it, but occur as very short stumps 
upon the rectum.’ 

The c(Bca are small and nipple-like ; they may be entirely 
absent. In Tympanistria bicolor I found one, an especially 
minute one, on the left side. 

The intestines of the ColumbsB are very short and volu- 
minous in some of the fruit-eating forms, moderately long in 
the majority of forms, and extraordinarily long in Didun- 
cuius. The following are a few measurements 


Ft. In<«. 

Carpophaga oenea . 1 6 
Chalcophaps chryso- 


chlora . . .18^ 

Phlogoenas Stairi . 2 6 
„ cruentata 2 4| 
Columha maculosa . 2 8 
Geopelia cufieata . 8^ 

,, humilis . 1 6 
Ptilopiis jambii . 1 0 
„ melanoct’ 
phalus . . 9 


Ptilopus coronulatus 6^ 


Ft. In». 

Chrysoena viridis . 7 

Macropygia lepto- 

grammica . . 2 lOi 

Peristera Geoffroiji 10 
la nth fp lias leuco- 

la-ina . . 3 11 

Goura corona ta . 5 1 

„ Victoriie . 4 0 

Phaps chalchoptera 2 0 

„ elegans . 1 10^ 

Didunrulus strigi- 
rostris . .70 


In Goura Victories the tensor brevis muscle is bordereji 
on the patagial side for the last half of its course by a strong 
tendon, which arises from the pectoralis muscle. Below this 
tendon forms the outer and stronger part of a thin and 
rather wide tendon, in which the muscle itself ends. A 
wristward slip is given off, but there is no patagial fan. The 
biceps slip arises tendinously from the biceps, has a short 
muscular belly, and ends tendinously upon tensor patagii 
longus tendon. 

Goura coronata is much the same, but the biceps slip is 
(? exceptionally) digastric, a second tendon springing from 
tensor patagii longus muscle, and becoming muscular before 
it joins the muscular belly derived from biceps itself. 

In other pigeons— and this is one of the most salient 
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features of the group — the tensor brevis muscle is often very 
extensive— in fact, overlapping the extensors of the fore arm. 
This is the case, for instance, with Geophaps scripta, where 
I could find no deltoid beneath it. In Ptilopus and Phaps, 
on the other hand, a good deltoid is present, and though mainly 
attached to the humerus is also at its extremity inserted on 
to tendon of tensor brevis. This latter insertion is wanting 
in many pigeons which have a long deltoid. In Erythrcenas 
the deltoid reaches nearly to elbow. There is very often a 
wristward slip from tendon of tensor patagii brevis, but never, 
so far as I have ascertained, a patagial fan. 

The biceps slip appears to be always an independent 
muscle, arising, as described above, by a thin tendon from 
the biceps, and it frequently has a second tendon of origin, 
as in Goiira coronata. This is the ease, for example, with 
Carpophaga, Diduncuhis, and Phaps. It is absent in 
Erythrmias, 

The expansor secundariorum is very constantly present ; 
but tliere are indications that it is on the wane in these birds. 
In Phlogwnas cnientata the tendon has not the characteristic 
T-shape that it has in other pigeons, but blends with a trian- 
gular fibrous slip arising from the scapula near the scapulo- 
coracoid joint. In Carpophaga paulim there is much the 
same arrangement. In Phlogwnas Stairi the muscle appears 
,to be totally absent. 

Of the two latissimi dorsi muscles the posterior is some- 
times wanting in pigeons.* Haswell ^ first directed attention 
to this point, which was denied by Gadow^ and Forbes, 
but reaffiniied by Fi rbiiinger, Accofding to the last-men- 
tioned observer its occasional absence is a matter of individual 
variation. 

The anconceus has a tendinous insertion on to the 
humerus. 

* And also (? occasionally) in Otis.Pieroclcs, and various passerines, according 
to FDbbuinoeb. 

* ‘ The Myological Characters of the Columbidfis,’ Proc. Linn, Soc, N, S, TV. 
iv. 1880, p. 808 ; ‘ Note on the Anatomy of Two Rare Genera of Pigeons,’ ibid,. 
vii, 1888, pp. 116, 897. 

* In his memoir upon Pterocles^ quoted below, p. 316, footnote. 
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The second pectoral is inserted, in an unusual way, on to 
the anterior face of the humerus, and not on to the pectoral 
ridge, as in other birds. 

In the hind limb nearly all pigeons have the complete 
formula ABXY, the ambiens being sometimes present and 
sometimes absent. Only in Lopholcenius apparently is the 
accessory femoro-caudal absent. 

The deep flexor tendons are gallinaceous, either blending 
or with a vinculum. In Lophohemus anr‘ 
tarcticus and Erythrcenas there is a vinculum, 
and also a special slip to tendon of digit II. 

Considering the variability of so many 
muscles and organs among the Columbae, it 
is remarkable to note what slight variations 
there are in that, as a rule, rather variable 
organ, the syrinx. The accompanying illus- 
tration will ser\’e to show the form of the 
syrinx among the Columba? ; but in the 
species illustrated the origin of the sterno- 
^op tracheales is not so highly asymmetrical as 

latrans (aptkb is sometimes the case ; they occasionally 
arise more markedly from the right side of the 
trachea. The intrinsic muscles are always present, and 
generally attached, as shown in the figure, to the membrane 
between the penultimate and antepenultimate tracheal ringH< 
They are sometimes continued a little further by ligamentous 
tissue. The last three tracheal rings are united by median 
bony or cartilaginous pieces. Posteriorly the tracheal rings 
are weak, or even defective in the middle line. These are 
the general characters of the windpipe and syrinx in the 
Columbap. A few of the genera which show some slight 
divergencies may now be mentioned. In Caloenas nicobarica 
the intrinsic muscles are continued by ligament as far as the 
penultimate tracheal ring; the first four or five bronchial 
semi-rings are connected posteriorly by a cartilaginous bar, 
which borders the membrana tympaniformis and is continued 
up as far as the sixth tracheal ring from the end of the 
aeries. 
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In Goura there is no union posteriorly between succes- 
sive tracheal rings, and the last two or three are quite dis- 
continuous in the middle line posteriorly. 

In Didunculus also the last few tracheal rings do not 
meet in the middle line posteriorly. 

As to the skull, the pigeons are schizognathous birds with 
a slender vomer and basipterygoid processes, absent only in 
Didus. They are also schizorhinal, but Goxira, like Cursorins, 
&c., among the Charadrii, is pseudo-holorhinal. The lacrymal 
fuses below with the ectethmoid, and, indeed, forms wdth it 
a nearly solid and often rather massive plate of bone. In 
Goura y at any rate, the descending process of the lacrymal 
is perforated in front by a largish foramen, as in the Bhea. 
Some pigeons — e.g. Lopholrerniis — have amedian small circular 
foramen above the foramen magnum ; in Macropijgiay &c., 
this becomes a notch upon the upper border of the foramen 
magnum. In Goura the foramen is totally absent. 

The skull of Diduuculus is exceptional. The basiptery- 
goid processes are very large. The palatines, instead of 
widening out posteriorly, are narrow, solid bars throughout 
their whole extent. Huxley states that the internal lamina 
of these bones is ‘ altogether obsolete.’ I find, however, in 
my specimen a pair of small dow’nwardly directed hooks 
arising from where the palatines come into contact poste- 
^riorly, wdiich I take to be the homologues of these structures. 
Owing to the shortened and curved bill the bony nostrils are 
much reduced in extent. There is no supraoccipital foramen. 
There is, as in gallinaceous birds, a fusion between the post- 
frontal process and the zygoma. 

There are 15 cervical vcrtebnc in Goura, Carpophaga, &c., 
14in Columba, Phaps,&c, Vertebrae 15-17 appear to be nearly 
always ankylosed.^ The atlas is notched for the odontoid pro- 
cess. The hypapophyses begin in Goura upon the eleventh 
cervical and end upon the first dorsal. Four ribs reach the 
sternum in Goura Victorim^ of which the three first bear 
uncinate processes. Only three reach the sternum in some 

* Fide Newton and Gadow {loc, ciU on p. 314). In Leucosarcia picata 1 
found four fu86<!, and in Geotrygon violacm only two. 
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pigeons. The sternum has both spina externa and intenia ; it 
has two pairs of notches {Goura), or one pair of notches and 
one pair of foramina (Phaps, Carpophaga), 

The furcula is U-shaped without hypocleidium. The 
coracoids may meet, but they do not overlap. 

The following table gives the variations of the principal 
variable organs in a number of genera : — 


Ambiens Caica tXH.i Distributiou 


Columba 



+ 

-f 

+ 

0 • 

Cosmopolitan 

Tartar . 



+ 



0 

Old World 

Jjeptoptila 




-f 


0 

South America 

Macropygia 



+ 



0 

Australia, East 

Indies 

Ectopistes 



+ 



0 

North America 

lanthu^nas 



-f 

+ 

+ 

0 

Japan, Fiji, Samoa 

Gbamsepelia . 



+ 

0 


0 

America 

Geotrj’gon 



+ 

0 

-f 

0 

South America 

Metriopelia 




0 

- 

0 

South America 

Peristera 



-f- 

0 


0 

South America 

Zenaida . 



+ 

0 

* 

0 

America 

Zenaidura 



+ 

0 


0 

North America 

Calcenas 



t 

0 


0 

New Guinea, 

China, Nicobar 

Chalcopeiia . 



+ 

0 

,4- 

(V 

Africa 

Chalcopbaps . 




0 

•f 

0 

Australia, East 

Indies 

XyiDpanisiiia . 



+ 

Oor 1 

•f 

0 

Africa 

Ooypbaps 



-f 

0 

4. 

0 

Australia 

Leocosarcia . 



+ 

0 

+ 

0 

Australia 

Pbaps 



4- 

0 

■*- 

0 

Australia 

Didunoulus 



+ 

0 

0 

0 

Samoa 

Carpopbaga 



+ 

0 

-*■ 

4 

East Indies, Pacific 
Islands 

l^ilopus . 



0 

0 

0 

+ 

Australia, Fiji, 

Celebes 

Erythrcenas . 



0 

0 

•i' 

-f- 

Madagascar 

Lopboleemus . 



+ 

0 

+ 

4 

Australia 

Treron . 



0 

0 

i 

0 

0 

India, East Indies, 
Africa, Mada- 
gascar, Celebes, 
New Guinea 

Goura 


. « 

0 

0 ! 

0 

0 

New- Guinea 

GSna 



0 

0 ! 

4 - 

0 

South Africa 

Geopelia . 



0 

® 1 

+ 

0 

Australia, East 
Indies 

StamoBnas 



0 

: + 1 

0 

0 

America 

Pblogc{»Da» 



0 

+ i 

4 

0 

: East Indies 

Columbula 




; 0 


0 

America 

Turaco^na 



•f 

■ ? i 

0 


Celebes, Timor 

Chtymna 



0 

t 0 

? 

4 

Fiji 
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Garbob included with the Colnmbee Pterocles, which I 
treat of separately. Accordingly, in quoting his classification 
of the group,* I term families what he termed subfamilies. 
For him the group contained two families, viz. Columbidae 
and Pteroclidae. The following is, with the alterations 
referred to, Garbod’s scheme of division of the group : — 

Family I. Colmnbidfle. Columbce with ambiens, caeca, oil 
gland, no gall bladder, and 12 rectrices. 

Genera: Columha, Turtur, Macropygia, Ectopistcs, 
Leptoptilay lanthcenas. 

Family II. PhapidsB. Columba* with ambiens and no 
caeca. 

Division A. Oil gland present, no gall bladder. 

Genera : Chammpelia . 

Metrioj)eU<i. 

Zenaida, Zcnaidura, 

Geotrygon. 

Peristera. 

Calainas. 

Chalcopclia, 

Tf/mpauLstria. 

Ocyphajia. 

Leucosarcia. 

Phaps. 

Division B. The oil gland and gall bladder present. 
Genus Carpophaga, 

Division C. The accessory femoro-caudal absent ; oil 
gland and gall bladder present. 

Genus Lophohemiis, 

Division D. Oil gland and gall bladder absent. 

Genus Didunculus, 

Family III. Treronid®. Columbse without ambiens. 
Division A. With caaca and oil gland ; no gall bladder. 
Genus Phlogcenas. 

‘ ‘ On some Points in the Anatomy of the Columbea,’ P. Z, S. 1874, p. 249, 
and * Notes on Two Pigeons,’ ibid, 1875, p. 367. 
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Division B. With cseca, no gall bladder, no oil gland. 

Grenus Starnoenas, 

Division C, With oil gland, without gall bladder and 
caeca. 

Genera Geopelia, CEna. 

Division D. Without oil gland (or rudimentary) and 
caeca ; tarsi scutellate. 

Genera Trenm, Ptilopiis, Erythrcenas. 

Division E. With caeca, oil gland, and gall bladder ; 
tarsi reticulate. 

Genus Goura. 

To these must in any case be added another family to 
include the flightless dodo (Didiis) and the equally flightless 
solitaire (Pezophaps)^^ the former from Mauritius, the latter 
from Kodriguez. 

The dodo at the time of its description by Messrs. 
Strickland and Melville‘S was only very imperfectly 
known. Subsequently Owp:x ^ gave an account of and figured 
the greater part of the skeleton. Later still Sir E. Newton 
and Gadow ^ supplemented this account by further details, 
and published a figure of ‘ the first correctly restored and 
properly mounted skeleton.* There are naturally many 
other notices of this much-written-about bird. 

The skull has the median supra-occipital foramen of 
some pigeons, but not the basipterj^goid processes. The « 
nostrils are schizorhinal. The palatines have, contrarj^ to 
what is found in Didunciilics, with which Sir K. Owen 
specially compares Didtis, an internal lamina. Neither do 
the postfrontal process and zygoma meet and fuse, as they 
do in Didimculus. The interorbital septum is thick and 
complete. 

There are 15 cervical vertebrae, and the atlas is notched for 
the odontoid process. The last cervical and first two dorsals 

‘ A. and E. NEaTox, ‘ On the Osteology of the Solitaire,’ <fcc., Phil, Tracis. 
1869, p. 827 ; E. Newton and J. W. Claae, ^ On the Osteology of the Solitaire 
{Pezophaps soUtariuz),* ibid, vol. clxviii. 1879, p. 488. 

^ The Dodo and its Kindred, London, 1848. 

* ‘ On the Osteology of the Dodo,’ Tr, Zool, Soc, vi. p. 49. 

^ * On Additional Bones of the Dodo,’ dro., Und. xiii. p. 281. 
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are fused. Four ribs reach the sternum, of which the last 
belongs, as in Pezophaps only, to the first pelvic vertebra. 

The scapula and coracoid are, as in the Ratites,^ ankylosed, 
and the angle between them approximates to that of the 
Ratites in its wideness. 

The sternum has a fair keel, neither spina interna nor 
externa, and the coracoids do not nearly meet. The clavicles 
have no hypocleidium. 

I discuss the affinities of the ColumbsB under Pterocletes. 


PTEROCLETES^ 

Definition, — Aftershaft small ; aquincubital. Oil gland nude. A crop 
present. OsBoa long. Muscle formula of leg, ABXT + . Biceps 
slip and expansor seoundariorum present ; plantar tendons of 
type IV. Skull sohizognathous, holorhinal, with basipterygoid 
processes. Both carotids present. 

This group contains but two genera, Pterocles and Syr- 
rJmptes, both of w’hich are Old-World in range. Pterocles is 
more widely spread than Syrrhaptes, extending southwards 
to Africa and Madagascar. Syrrhaptes is confined toCentrSl 
Asia. These birds have a pigeon-like aspect, though Isewton 
has pointed out that Syrrhaptes has a plover-like flight. 

The feet are peculiar for the feathering, which extends to 
.the claws; and in Syrrhaptes the three toes (the first is 
altogether aborted) are encased in a common ‘ podotheca,’ 
which presents the appearance of *a fingerless glove.’ This 
is not the case with Pterocles, which, moreover, has the first 
toe. The sand grouse have a small aftershaft and a nude 
oil gland. The rectrices vary in number from fourteen to 
eighteen. Contrary to what is found in the pigeons the 
newly hatched sand grouse is covered with dowm, and in the 

* MoflKLEY (‘ On the Structure and Arrangement of the Feathers in the Dodo,’ 
Rep. Brit. Ass. for 1884, p. 782) notes that the feathers are disposed in threes, 
a feature which is, he says, apparent in pictures of the bird. 

• M. Boodai^ow, ‘ Bemerkungen fiber die Gruppe der Pterocliden,’ Bull. Soc. 
Imp, St. Petersb. xxvii. 1881, p. 164; H. Gadow, ‘On some Points in the 
Anatomy of Pterocles,’ Ac., P. Z. S. 1882, p. 312 ; D. G. Elmot, * A Study of 
the Pteroclidn, or Family of the Sand Grouse,’ ibid. 1878, p. 233. 
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adult there is down upon the apteria. The pterylodsy as 
figured by Nitzsch, is almost exactly like that of the pigeons, 
but there are no neck spaces. The beak has no soft ‘ cere,’ 
such as exists among the pigeons. 

Gadow has contrasted the crop of the sand grouse with 
that of the pigeon. In the former it is a simple dilatation of 
the anterior and lateral walls of the cesophagus, without any 
constriction in the middle line. In the pigeons, on the other 
hand, the crop consists of two symmetrical swellings of the 
oesophagus, between which is continued the (esophagus. The 
intestinal coils have, according to Mitchell, an ‘ extremely 
primitive character.’ The resemblance to the intestine of the 
pigeons is great. The Pterocletes differ from the pigeons 
in the large size of the cceca. The lining of the ca»ca is 
marked by about six longitudinal folds, according to Gadow, 
but according to Parker no less than twelve. In Ptrrocles 
the right lobe of the lit'cr is about three times the size of the 
left. A gall bladder is always present. Figs. 17 and 18 
(p. 33) shoW' some variations in the positions of the liver and 
pancreatic ducts in the sand grouse, w hich are taken from 
Gadow ’s paper upon the anatomy of this group. 

The syrinjr (of Pterocles) is not in the least like that of 
the ColombaB. The extrinsic muscles are perfectly symmetri- 
cal, and the intrinsic muscles are enormously developed. The 
ordinary pair present in the ColumbsB are attached to what 1 ^ 
regard as the first bronchial semi-ring, and are not specially 
large ; the second pair * are only visible on the posterior 
aspect of the windpipe ; they are two large fusifonn muscles 
w’hich are inserted in common into the middle line of the 
trachea, near to its termination. 

The muscles of the hind limb have been described in some 
detail by Gadow. 

The muscle formula is complete, being thus expressible, 
on Garrod’s notation, by the letters ABXY 4- . There is 
only one peronealy the longusy which has the usual attach- 
ments to the ankle and to the flexor perf or atus. 

‘ Pterocles arenarius ; it appears that P. alchata has not the second larger 
pair. 
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The deep flexor tendons fuse at the ankle, but no branch 
is given off to the small hallux ; this digit has, however, a 
special flexor hallucis brevis, Gadow concludes his survey 
of the muscles of the bird with the following remarks : ‘ Of 
all the other muscles of the leg (excluding ambiens, peroneus, 
and absent flexor hallucis slip) there is none that shows any 
practical difference between sand grouse, pigeons, and even 
(if we include them in our comparison) the plovers. On the 
whole, however, the myology of Pterocles indicates that it is 
more nearly allied to the pigeons than to any other group of 
birds.’ 

The general aspect of the skull of Pterocles arenarius is 
much like that of a similarly sized pigeon. The nostrils, 
however, are more distinctly holorhinal, thus leading towards 
the gallinaceous birds. They end on a level with the ends of 
the nasal processes of the premaxillaries, and do not narrow 
at all at their broadly rounded tenninations. As is the case 
with Goura, Opisthocomus (a fact of possible importance), and 
some other holorhinal birds, a plate of bone underlies the ex- 
tremity of the nostrils, reducing the extent of the orifices. 

As in pigeons the ectethmoids are very solid plates of bone 
which fuse with the lacrymals, and nearly reach the jugal 
bar ; only the minutest foramen perforates this plate above. 
Syrrhaptes * agrees so far with Pterocles, but has a rather 
more vacuolated interorbital septum. 

The post-orbital and post-frontal processes are long, and 
nearly (Pterocles) or quite (Syrrhaptes) fuse at their extremi- 
ties, as in some gallinaceous birds. 

The maxillo-palatines are not like those of pigeons ; they 
are, as in gallinaceous birds, slender curved hooks. 

The basipterygoid processes are well developed. 

There are fifteen or sixteen cervical vertebrae. 

‘ In almost all those respects,’ remarked Huxley, ‘ in which 
the grouse differ from the fowls they approach the pigeons ; and 
an absolute transition between these groups is effected by the 
Pteroclidce, whose popular name of ‘‘ sand grouse ” might fitly 

* See Parker, ‘On the Osteology of Gallinaceous Birds,’ dc., Trans, Zool 
Soc, vol. V. 
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be exchanged for that of “ pigeon grouse.” ’ There is, in my 
opinion, much to be said for this view, which, however, is 
not now so generally held. Huxley’s view was based 
almost exclusively upon osteological characters, with but 
slight reference to the anatomy of the soft parts, which were 
indeed — when he \\Tote (in 1868) — scarce^ known. The 
several regions of the vertebral column in the sand grouse 
have the same number of vertebrae as in the ‘ Alectoromor- 
phae,’ ‘ and ankylosis takes place in the same manner.’ The 
skull is dove-like for the most part ; but in certain ways it 
approaches the Oalli. For instance, the maxillo-palatinesare 
alike in both groups of birds ; the union between the squa- 
mosal and the post-frontal process is gallinaceous ; the 
holorhinal nostrils, which I must term those of Pterocles, 
indicate a likeness to all the members of the gi*oup (lalli. 
The remainder of the skeleton is, in Huxley’s opinion, 
* peristeromorphous,’ but the pelvis is partly grouse-like. 
Attention may be directed to the likeness of the sand 
grouse humerus to that of pigeons. The osteological cha- 
racters, however, are not quite so intermediate in some 
respects as might be inferred from Huxley’s paper. The 
at least ‘ pseudo-holorhinal ’ nostrils have their counterpart 
among the LimicolflB, in Thinocoriis, and in some others (see 
below). The solid ectethmoids too are also seen in that 
group, while Garrod’s remark that the AIcsb have a hu- 
merus like that of ColumbaB and Pterocles is suggestive in the 
light of the unquestionable likeness of the AIoab for the Limi- 
oolflB, though the actual weight of this character may be 
thought by some to be discounted by the fact that it is met 
with in the Fnttaci. 

Moreover Otis, which is to be placed somewhere near the 
IiimieolflB, has the gallinaceous union between the squamosal 
and the post-frontal process, to which I have referred as 
possibly afiSning the Pterooletas to the Galli. Other characters 
too, which appear at first sight to be arguments in favour of 
the position taken up by Huxley, may be interpreted fairly 
as marks of affinity with the limioolo (and their immediate 
allies). Such are, for example, the long casca (with folds in 
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the bustards), the crop (present in Thinocorus), the gall 
bladder, &c. Mitchell distinctly places both Pterooletes 
and ColumbflB in the neighbourhood of the limicolaB by reason 
of the arrangement of the intestinal coils. 

It is at any rate clear that the Pterocletes occupy a lower 
place than the ColumbsD — that they have given rise to the 
ColnmbsB, and not vice versa. The justice of this view is 
shown bj' the long caeca, the existence of an aftershaft, the 
complete muscle formula of the leg, and by a few^ other 
equally unmistakable characters. On the whole it seems 
not unreasonable to look upon the Pterocletes as not far from 
the stock which produced the Limicolae, which itself was 
possibly not far again from the primitive gallinaceous stock. 

TURNICES 

Definition. — Rectrioes, twelve. Aftershaft present. Oil gland tufted. 
Ceeca long. Musole formula of leg, ACB XY + . Skull segitho* 
gnathous, schizorhinal, with basipterygoid processes. Cervical 
vertebrae, fifteen. Sternum one-notohed. 

This group of birds consists of the genera Turnix and 
Pedionomus} It has been confounded with the gallinaceous 
birds ; but the discovery of Pakkeh that the skull is SBgitho- 
gnathous, and further investigations into the structure of 
the group -of wdiich the most important is a recent paper 
• by G.adow — have rendered it necessary to remove the two 
genera from close association with the Galli. 

Of the two genera Turnix (Hetnipodius) is European, 
African, and Indian in range ; Pcdionoimis is Australian, 

Besides the external characters mentioned in the defini- 
tion, whicli are common to both genera, Pedionomus wants 
the fifth cubital, which is present in Turnix ; there are four 
toes in Pedionomus ; Turnix has lost the small hallux of 
the fonner genus. 

* Lioob (1\ Z. S. 1869, p. 236), from a consideration of some external cha- 
racters and habits, was impressed by possible cliaradriine afiinities of Pedio- 
nomuB. 

* ‘Notes on the Structure of Pedmionius Umjuatus,' Ac., Records Austral, 
Mus. i. 1891, p. 205. 
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As to the pterylosis, there is a long spinal apterion, which 
begins on a level with the shoulder joint and reaches to a 
little beyond the level of the hip joint. Thence the two 
dorsal tracts are continued on as a single tract to the 
feathered oil gland. On the neck below there is no apterion ; 
the two tracts then divide, leaving a bare interclavicular 
space ; they divide again on a level with the anterior end of 
the Carina sterni into a lateral thick patch and a median 
thinner one ; this latter swells out in its course and then 
again dwindles, being continued to the cloacal aperture by a 
few scattered feathers. 

The pectorcdis I, (at any rate in T, Sykesi) is two-layered. 
The tensor patagii brevis tendon gives oflf a wristward slip, 
but there is no patagial fan. 

There is no biceps slip, but the expanse r sccundariorum 
is present (? as to both these structures in Pedionomus), 
The muscle formula of the leg is the complete one ABXY -f- 
in Pedionomus ; Turnix has lost the accessory femoro-caudal 
for the most part — not, however, in T. Kleinschmidti, where 
it is present. It is remarkable that in Pedionomus it is not 
B but A which is on the wane. 

Both carotids are present in Pedionomus, only the left 
in Turnix ; but in Pedionomus the left is the weaker and 
not the right, as might perhaps have been suspected. 

The alimentary canal has no crop, ‘ but the upper half 
of the oesophagus is very dilatable ’ (in Pedionomus). The 
cceca are well developed ; the liver in both genera is split 
into three nearly equisized lobes. The gall bladder is 
present. 

The syrinx (of Turnix lepurana) is not at all gallinsujeous 
in its characters. The tracheal rings are weak and carti- 
laginous. The intrinsic muscles are thick and originate in 
close contact from the anterior face of the trachea ; they are 
inserted some way down the bronchi on to the opposite face 
of the tubes. In Hemipodius tachydromus the wdndpipe is 
very soft, and is much dilated in front of the origin of the 
intrinsic muscles, which, as in the last species, are large. 

Our knowledge of the osteology of the Hemipodes is 
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chiefly due to Parker,^ who has described in detail the 
entire skeleton of Hemipodius varius^ and also the skull of 
Turnix rostrata. The atlas is perforated for the odontoid. 
There are 15 cervical vertebrce, of which Nos. 10-15 bear 
hasmapophyses. None of the dorsals are ankylosed. The 
sternum is reached by three or four ribs, and has one pair of 
deep lateral incisions cutting off two long thin postero- 
lateral processes. 

The skull is segithognathous in its vomer, broad in front, 
and double posteriorly, and in the slender hook-like maxillo- 
palatines ; the latter, however, are not unlike those of many 
gallinaceous birds, while Huxley has compared the vomer 
with that of Tetrao urogallus. The nostrils are pseudo- 
holorhinal, and, as in pigeons, there is a considerable alinasal 
ossification, reducing the long nares, which are perfectly 
pervious. As is also the case with the pigeons, the ecteth- 
moids are large and solid, and have fused with the lacrj^mals. 
There are well-marked basipterygoid processes. 


RALLI 

Definition . — Aftershaft usuaUy present. Carotids, two. Muscle 
formula of leg, ABX(Y)-}-. Sxpansor seoundariorum always 
. present. Tensor patagii brevis without recurrent slip to tensor 
patagii longue. Caeca long. Skull schizognathous and holo- 
* rhinal. 

The rails are a group of birds of very uniform structure. 
They have as a rule a tufted oil glands but Forzana Carolina 
is an exception. The aftershaft is present. The rectrices 
vary in number from 10 {Araviides cayennensis) through 12 
{Porzana Carolina) to 14 {Ocydromus Earlei), 

The sphml tract encloses a long narrow apterion, which 
commences earlier in Rallus aquatic us than in Fulica atra. 
The latter bird has almost a gap between the anterior and 
posterior parts of the spinal tracts. The pectoral tract of 


' In his papers on the osteology of gallinaceous birds and of the aegitbo- 
gnathous skull in ZooU Trans, vols. v. ix. x. 
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each side is double in Ballus and Ocydromus, single in 
Fulica. 

The following are the intestinal measurements of a series 
of species : — 


Rallus aqiiaiicus 
Ocydromm sylvcstris 
O. lefresnayanus 
O. EarUi . 

Aramides cnymrienns 
Porzana Carolina 
Crex pratensis . 

Porphyria tnadayascariensis 
Gallinula chloropus . 

Fulica atra 
F. ardcHtaca 
Tribonyx Moriieri 


Small lilt. 


I.4irire lilt. 

OaMia 

liioheit 

, 

Inches 

I iichcs 

15 - 

— 

1-5 

1*26 


27 


3 


42 


3-5 

HI 


3*5 

2-5 

23 


1*5 

175 

18 


1-5 

2*25 • 

9 


2 

1 

24 


3 

2 

39 , 3 

5 


74 


14 

39 


3 

6*5 

40-5 


2-75 

r>. 6-75 


The folds of the intestine (fig. 159) are remarkably like 
those of the cranes (fig. 158), so much so that on intestinal 
characters only the two groups could not be separated. 

There is no crop ; the proventriculus is zonary ; the 
stomach a ‘ gizzard.' The right lobe of the liver is larger 
than the left, and the gall bludder is always present. 

The atlas is notched for the odontoid process ; it has no 
lateral canals. The number of cervical vertebra! is 15 in 
Fulica ardesiaca, in which there are 7 complete ribs (C in 
Ocydromus). On the eleventh cervical (of Fulica ardesiaca) 
the catapophyses nearly unite ; the haemapophyses, up which 
the catapophyses do not climb, extend as far as the second 
dorsal. The sternum has very long lateral processes, with a 
larger or smaller spina externa. The clavicle comes into 
near relations with both procoracoid and scapula. In the 
shull * there are no basipterj'goid processes, and the lacry- 
mals (in Fulica, Ocydromus, and Aramides) do not join the 

' In Portana noUUa the cieoa are minate— *8 inch in length. Cl. Parridn 
among Limicolie. 

* C- G. Gisbel, * Osteologie der gemeinen Balle/ Ac., Zeit$chr» ges. Katurw. 
V. (1855), p. 185. Sbofelpt, * Osteology of oertain Cranes, Kails, and their 
Allies,’ J. Anat. Phys. 18^5, p. 2; and * Osteology of Portana 
Joum. Comp. Med. Surg. 1888. 
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ectethmoids, as they do in all charadriiform birds. The 
ectethmoids themselves in all rails that I have examined 
send a process upwards, which joins the frontal bone and 
leaves a foramen for the passage of nerves. The interorbital 
septum is widely fenestrate. 

The pelvis in the rails has a longer preacetabulum than 
postacetabular portion. The ilia are vertical in their plane 
anteriorly, and in Tribonyx and Fulica are completely sepa- 



Fio. ir>8, — Intkrtinkh of Corunna 
cristata (aftkr Mitchell). 

.r, sliort-circ’uitliig vessel. 



Fio. 15y.— I ntestines of Crex pra- 
tensUi (after Mitchell). 
j:, as in flg. 168. 


ranted from each other by the fused neural spines of the 
vertebrae. In Aramides and OcydromuSy on the other hand, 
the ilia reach the summit of those neural spines. In all 
these rails the pubes are fairly strong bones, which are not 
ankylosed anywhere with the ischia. 

Nearly all the Kallidae have a biceps slip, Ocydromus 
Earlei and Rallus rnuculatus are the only exceptions known 
to me. The tensor brevis is simpler than in many birds ; 
in Ocydromus Earlei it consists of only a single tendon. In 
CreXf as in most others, this tendon gives ofif a wrist ward 
slip. In Aramides and Porphyrio marfinicus the hinder 
branch of the tendon is very feeble, and in the latter does 
not reach the fore arm. In no rail is there any distal 
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patagial fan, a fact justly emphasised by Forbes * in dis- 
criminating from the rails the somewhat rail-like Parra. 
In some (e.g. Oeydromus Earlei, Aramides) the tendon of 
the tensor brevis does not run over the arm to the ulnar 
side, but in others (e.g. Crex) it does. 

The anconieus has a hiuneral attachment. 

Furbringer figures in Porphyrio an interesting con- 
dition of the biceps and of the biceps slip. The biceps slip 
arises by a tendinous head close to, but apparently inde- 
pendently of, the humeral head of the biceps. Close to the 
coracoidal head of the biceps springs a ligament which is 
inserted on to the humerus just in front of the origin of the 
humeral bead. This ligament seems to be a detached 
portion of the biceps, since in the Steganopodes (q.v. ; cf. 
also Furbringer, pi. xxvi.) it is perfectly continuous with 
the biceps. 

In the leg both peroneals are present, with the usual 
insertions. 

The deep flexor tendons ai'e often of No. I. typ(\ But 
in Aramides there is a modification of this in the shape 
of a second vinculum, attached partly to the tendon just 
before its trifurcation and partly to the special tendon of 
digit II. In Oeydromus Earlei the second vinculum is also 
present, but feebler, not having the second attachment to 
the flexor of digit II. 

The syrinx in the rails is of a quite typical tracheo- 
bronchial form, except for the fact that the intrinsic muscles 
are attached rather far down the bronchi — to the fourth 
bronchial semi-rings in Oeydromus, Aramides, and some 
others. In Oeydromus syhestris none of the tracheal rings 
are fused; the first two bronchial semi-rings are ossified, 
and there is an ossified pessulus. In Aramides the last 
three tracheal rings are partly fused ; the last two of these 
and the first two bronchial semi-rings are ossified ; there is 
no ossified pessulus. In Fulica {ardesiaea and leucoptera) 
the bronchidesmus, which is incomplete, is at first strengthened 

' * Notes on the Anatomy and Systematic Position of the Javanaa,’ P. Z. S. 
1881, p. 689. 
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by t\^o yellow elastic pads of tissue springing from the 
inembrana tympanifonnis. 

The genera Heliornis and Podica — the former American, 
the latter Old-World in distribution — seem to require a sepa- 
rate family for their reception. The structure of these two 
birds has been mainly investigated by myself ; ^ the skeleton, 
however, has been described by Bkandt also.^ 

In neither bird is there an aftershaft, though the oil 
gland is tufted. Unlike other rails they are quintocubital. 
The ptenjlosis is essentially ralline. In Heliornis the neck 
is nearly continuously feathered, there being only a short 
vental apterion. The dorsal tract is strong between the 
shoulder blades, and is forked ; the hinder parts of the tracts 
scarcely join the anterior ; they become fused some way 
in front of the oil gland. In Podica senegalensis, hxxt not in 
Heliornisy the ventral tracts are undivided. The less degree 
of specialisation is seen in other features of the anatomy of 
the smaller American finfoot. 

Tlie muscle formula of the leg in both genera is ABX-f, 
the Y of the rails not being developed. The chief peculiarity 
of the leg muscles, however, concerns the biceps. This is a 
very large muscle ; in Podica it has no less than three 
separate insertions on the leg. First there is the ordinary 
insertion through a perfectly normal sling ; just before this 
tgndon a branch is given off which is inserted independently 
on to the leg some way further down. In addition there is 
an extensive insertion on to the fascia covering the calf of 
the leg. In Heliornis the muscle is somewhat simplified, 
only the first and third insertions being present. The 
complications of the biceps may have some relation to 
swimming; for in certain auks (g.r.) there is a similar 
gastrocnenial attachment. 

* ‘ On the Anatomy of Podica scftegalensis,^ P. Z, S. 181M), p. 425 ; ‘ On the 
Osteology, Pterylosis, and Muscular Anatomy of the American Finfoot {Heliornis 
surinamensis),* Ibis, 1893, p. 80. 

* * Beitrage aur Kenntniss der Naturgeschichte der Vdgel,’ Ac., Mem, Ac* 
Sci, St, Petersburg, 1840, p. 81. See also Oibbel, * Zur Naturgeschichte des 
Burinamischen Wasserhuhns Podoa sttrinamensis,^ Zeitschr, ges. Naturw, xviii. 
1861, p. 424 , and Nitzsch’b Pterylography. 
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The deep flexor tendons of Heliomis are remarkable (see 
fig. 160) for the fact that both tendons split into three branches 
for the three digits before they unite, the slip to the hallux 
being given off from the flexor hallucis previously. The 
conditions which characterise Podica are unknown. In the 
fore limh some of the muscles are characteristic, and differ 
from those of the rails. The patagialis brevis consists in 



Fio. 160.— Dkbp FLExon Teni>os» Fio. 161.— Pataoiai. Mr8ci.E8 of 

OF Heliomis (after Bedoark). Heliomis (after Be 1 )I>ari>) 

fl. hallnciA ; iB, ft. oommuois ; 1-4, Tp, tentior fiataf^i ; Hi^ blcei>» ; 

gli{« to digits. bicepe slip ; tendinous 

both of a simple undivided tendon, which has not more th^n 
an indication of a patagial fan. This indication is seen only 
in Heliomis (fig. 161) in the shape of an upwardly directed 
tendinous slip, to which, a little before its tennination — 
apparently upon the patagium — a well-developed biceps slip 
is attached. In Podica the biceps, slip ends freely upon the 
patagium. Both these conditions are different from what is 
met with in the rails, but are to some extent paralleled 
among the grebes. In Podiceps the biceps slip ends freely 
upon the patagium, as in Podica. In JEchmophorus (p. 387) 
the biceps slip is connected directly with the patagial fan. 
The likeness between that bird and Heliomis appears to me 
to be unmistakable. 

The expansor secundariorum is present, and the anconaus 
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is anchored to the humerus. The finfoot agrees with the 
divers in the extensive origin of the posterior latissimus dorsi 
from the front end of the ilium. The largely tendinous 
origin of the rhomboidei appears to point in the same direc- 
tion. As to the alimentary viscera, there are long cseca ; the 
right lobe of the liver is the larger ; a gall bladder is stated 
by Giebel to be present in Heliornis. I did not find one in 
Podica, but the matter doubtless requires re-examination. 



Fio. 1(52. — Syrinx oy Podiai Fio. 163. — Sternum op Heliornis. 

senegalensis (after Beodard). Ventral View. (Ajter Beddard.) 

syrinx is typically tracheo-bronchial, and in no way 
remarkable. 

The osteology of the Heliornithidse is not very decisive as 
to their affinities. In Podica there are seventeen cervical 
vertebra:, an advance upon the fifteen of the rails and an 
approach to the twenty-one of Podiceps. Six ribs reach the 
sternum in both genera of Heliornithidse. The sternum has 
but one pair of notches, and in Podica, a,t any rate, the spina 
externa is well developed. The skull is, on the whole, rail- 
like, bearing, perhaps, a greater resemblance to Aramides 
than to any other genus of rails. The clavicles, contrary to 
what is met with in the rails, reach, and are firmly attached 
to, the Carina stemi 

The velvis (fig. 164) of the Heliornithidse is in some respects 
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unlike that of the typical rails. As in Fulica, the ilia are 
widely separated by the fused neural spines of the dorsal 



Fici. 165. — Skull of Podica. Latkual View. (After Bedoard.) 


vertebra? concerned ; but the ischia are broader and directed 
more downwards (their position is, in fact, more primitive) 



Fio. 166.- Skull or Heliornis, Fio. 167. — Skull of Podica, 

Ventral and Lateral Views. Ventral View. (After 

(After Bkddabd.) Beddard.) 


than in the rails, while the pubes are ankylosed at least at 
one point with the ischia. 

There are a considerable number of extinct rails^ many 
of which were flightless, thus showing an exaggeration Of a 
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tendency of many existing rails which either do not fly 
much or are but feebly fitted for flying. 

It is particularly upon small islands that these flightless 
rails have been discovered, both living and fossil, and in 
islands where loss of flight may be regarded as having been 
of less importance as a disadvantage in the struggle for 
existence. Thus in New Zealand there was (until recently) 
the large NotorniSy whose skeleton has been described by T. J. 
Parker.^ The last living specimen was taken in 1879. From 
the Chatham Islands are known Palccolimnas chathaniensis 
and Nesolimnas Dieffenbachii. The skeletons of these rails 
have been described by H. O. Forbes,* Milne-Edwards,* 
and Andrews ; ^ the latter by Andrews. Nesolirmuis ap- 
pears to be not yet extinct ; the former species is. Another 
form from the Chatham Islands was originally described 
under the generic name of AphampteryXy and supposed to 
be congeneric with A. Broecki of Mauritius. Both of these 
birds have been dealt with by Milne-Edwards and Andrews. 
Diaphorapteryx Hawkmsi was a largish rail, with the keel of 
the sternum much reduced, being about half the height of 
the keel of the flying Hypotcenidia celebensis and slightly 
less than that of Ocydromus. The scapula and coracoid 
make an exceedingly wide angle, as in all flightless birds — 
about 130 degrees. The resemblances of Diaphorapteryx to 
Aphanapteryx are set down by Andrews and Gadow to, 
parallelism of development, and not to real affinity. 

Pal(Bolimnas chathame?isis is not, as w^as at one time 
thought, identical with Fulica Newtoni olMenintim ; it may, 
however, be the same as Fulica prisca of New Zealand. 
The bird is much like Fulica in osteological characters, the 
principal difference being the large size of the impressions 

* * On the Skeleton of Notomu Mantelli' Tr, N, Zeal. Inst, xiv. (1881), p. 
246. 

* In Natursy xlv. (1892), p. 416 ; ibid. p. 580 ; and Ibisy 1898, p. 264. 

* * Sur lea Bessemblancea qui existent enlre la Faune,* Ac., Ann, Sci, Nat, 
(8), ii. 1896. p. 117. 

* * On the Extinct Birds of the Chatham Iplands,’ parts i. and ii. ; NovUaies 
Zool. iii. p. 78 et seq,y p. 260 et seq. ; and ‘ Kbte on the Skeleton of Diaphor- 
apteryx Hawkinsiy Geol, Mag, 1896, p. 887. 
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for the supra-orbital glands. The keel is reduced as com- 
pared with living coots, its height being 12 mm. as compared 
with 17 mm. and 15 mm. in F, atra and F, cristata. The 
wing is short in proportion to the leg, shorter than in F, atra ; 
but Andrews thinks that the bird ‘ may still have been 
capable of heavy flight for short distances.' 

Nesolimnas is a more aberrant form in some particulars. 
It may be still living, but the only specimen was obtained in 
1840. The most striking feature in the osteology of this 
bird appears to be the schizorhinal nostrils, which do not 
occur elsewhere in the rails (as defined in the present volume). 
The wings are reduced, but the scapula and the coracoid do 
not make a wide angle (forty-five as against sixty for Ocy- 
dronius). 

Of the extinct European rails described by Milne-Edwabds, 
from the Eocene and Miocene, a number of species have been 
described and referred to the genus Eallus» Gypsornis is believed 
to be most nearly akin to Arainides, 


OTIDES 

Definiiion. — Three-toed birds. Oil gland absent. Aftershaft present. 
Aqiiinoubital. SkuU sohiEOgnathous, holorhinal, without basi- 
pterygoid processes. Muscle formula, BXT + . Caeca long. No 
biceps slip. Expansor secundariorum present. Syrinx without 
intrinsic muscles. 

The bustards are undoubtedly a much-specialised group, not 
(in my opinion) distinctly nearer to the charadriiform birds, 
where they are placed by Furbhinger, than to the cranes, 
with which they are associated by Gadow. 

They are distinguished from all their allies by the total 
absence of an oil gland. The feathers have an aftershaft. 
There are twenty rectrices in Otis and Houbara^ sixteen in 
Eupodotis Denhamij eighteen in Tetrax. 

In both Otis and Tetrax the lateral neck spaces are 
reduced to a rudiment on each side close to the shoulder. . 
The dorsal tract is divided high up on the back of the neck ; 
the two halves come nearer together, and at the same time 
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get broader in the lumbar region ; they finally completely 
fuse to form a broad and uninterrupted tract. 

The ventral tract is undivided in the neck in Otis ; it is 
very* broad in the pectoral region, where it divides into two 
narrow bands, with an indication of a third in the form of a 
slightly divergent outer group of particularly strong feathers. 
The two pairs of narrow tracts unite round the cloaca. 

In Eupodotis australis the dorsal tract is divided high up 
on the neck, the ends of the tracts at ends of scapula are 
particularly strongly feathered, and the two halves of the 
posterior region of the dorsal tract run in anteriorly between 
the anterior forks. The ventral tract has a fainter indication 
than in Otis of the outermost branch. It does not appear 
again to divide into two. 

A striking peculiarity of the bustards is the variability of 
the carotids. In Otis and Houhara there are two ; in Eupo- 
dotis only the right ; in Tetrax only the left. 

The following are intestinal measurements : — 

Small lilt. IjHTgv lilt, (’wca 

0/is tarda 
Etipodotis australis 
E. kori , 

E, arabs . 

E. DenJmmi . 

Houbara undulata 
H. Macqueeni . 

Tetrax campesiris . 

The cceciim of Otis tarda is highly remarkable. The 
median third of the gut is much dilated, and is lined by a 
smooth mucous membrane, which is marked by about seven 
slightly raised longitudinal folds, which are visible externally, 
but connected with no sacculation. Scattered about are 
numerous circular glands, of the size of hemp seed. The 
terminal part of each caecum, which is some two inches in 
length, has villi, like intestine. The apical region has not, 
but there is a close retiform disposition of mucous membrane, 
which gradually passes into longitudinal folds of the middle 
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region. The caeca of Eupodotis Denhami appear to be much 
the same. 

In Eupodotis australis the caeca are not dilated only in 
the middle, as are those of Otis tarda, but for the apical 
eleven or twelve inches or so. The dilated region is lined 
with irregular folds. E, Denhami agrees with 0. tarda. The 
liver lobes are equal, or (Tetrax) the right is the larger. A 
gall bladder is present. 

The bustards (at any rate Eupodotis Denhami) are remark- 
able for possessing a rudimentary penis, as does the perhaps 
nearly allied (Edicnemus. It is a short blunt cone, grooved 
above, with a row of glandular pores on each side below. 
Internally there are two oval spongy bodies, attached to 
anterior part of sphincter muscle, and external to these on 
each side are retractor muscles, attached to back of cloaca. 

The bustards have a tracheo-bronchial syrinx, but the 
intrinsic muscles are either absent or, if present, are but 
feebly developed. 

Eupodotis australis has perhaps the least modified 
syrinx. The first two or three bronchial semi-rings seem 
really to belong to the tracheal series, on account of their 
greater depth and slighter dividing membranous intervals 
than those which follow. The intrinsic muscles are reduced 
to a narrow ligament, fanning out somewhat below. 

In E. kori the ligament representing the intrinsic muscle 
of each side is even feebler, and in E, Denhami it has abso- 
lutely vanished. 

In all the above species the rings and semi-rings preserve 
their independence, and are not fused, except one or two 
ventrally to form the pessulus, which is strong and ossi- 
fied. 

In Otis, on the other hand, the pessulus is slender and 
cartilaginous, being formed by one ring only. There ""are no 
traces of intrinsic muscles. 

The genus Houhara has a rather peculiar syrinx, which, 
how'ever, like the last, is without intrinsic muscles. It is 
compressed from side to side just before the bifurcation. 
But the ‘ waist,* thus, formed does not correspond to the 
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boundary line between trachea and bronchi ; it lies between 
the penultimate and antepenultimate tracheal rings. 

In front of the last three tracheal rings there is no par- 
ticular modification of the trachea. The antepenultimate ring 
is strongly ossified in front, where it is convex downwards, 
thus leaving a considerable membranous interval between 
itself and the ring in front. The next ring is of the same 
size, and also ossified in front ; the tough and elastic mem- 
brane uniting the two can be easily stretched. The last 
tracheal ring is much narrower, but also ossified in front ; it 
passes into the cartilaginous pessulus. Posteriorly these 
rings are incomplete, but are joined by a particularly tough 
membrane. The bronchial semi-rings are delicate, and not 
so long (from before backwards) ; they naturally diminish 
successively in length. The above description refers to H. 
Macqueeni, but A. iindulata hardly differs. 

The bustards exhibit a phenomenon know^n as * showing 
off,* which is associated with certain anatomical peculiarities. 
The appearance of the male bird, w^hen indulging in this 
display, is illustrated by a plate which accompanies Dr. 
Muriels paper * upon the subject. The neck is immensely 
puffed out, so as actually to trail upon the ground. This 
singular behaviour on the part of the cock bird during the 
breeding season is not confined to the European Otis tarda ; 
it has been observed in both Eupodotis australis and E, 
Denhami, It is curious that, though the result to all out- 
ward appearance is much the same, the mechanism which 
produces the inflation of the neck differs in the two cases. 
In Eupodotis the anterior section of the oesophagus becomes 
dilated. In Otis there is a special pouch * developed betw^een 
the two halves of the lingual frenum, wdiich extends for a 
considerable way down the neck. 

The tensor €8 patagii are fairly characteristic. N o bustard 

* P. Z, 8. 1868, p. 471 ; Sir W. Elliot, ‘Notes on the Indian Bustard,' Ac., 
P. Z. *9. 1880, p. 486. See also Flower, P. Z, S. 1866, p. 747 ; Newton, JW«, 
1862, p. 107; Murib, P. Z. 8. 1869, p. 140; Garbol, ibid, 1874, pp. 471, 
678 ; Forbes, ihid» 1880, p. 477. 

* Cf. similar pouch in duck Bisiura, v. p. 458. 
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has a biceps slip. In Eupodotis Denhami the brevis tendon is 
a broad fibrous band spreading out after the ulnar muscles 
and inserted on to humeral tubercle. In Eupodotis australis 
and Houbara Macqueeni there is, in addition, a broad wrist- 
ward slip which does not cross the fore arm. In Otis tarda 
the extreme degree of complication is reached, for there is, 
in addition to the structures described, a slight patagial fan 
joining the longus tendon in the usual way. 

The anconceus has a tendinous humeral head (at least in 
Eupodotis australis and Otis tarda). Otis has no latissi- 
mus dorsi posterior. 

As in other three-toed birds, the deep flexor tendons are 
completely blended. 

The (jlutceus maximus is large and quite covers the 
biceps. 

The number of cervical rcrtehrce is sixteen, seventeen 
(fide Gadow and FuRBUiNtrEH), or eighteen (Houbara Mac- 
queeni). The atlas is notched. In Houbara Macqueeni at 
any rate the eleventh to thirteenth cervicals have closely 
approximated hasmapophyses. The last haernapophysis is on 
the D1 ; in the two vertebrae in front these processes are trifid. 

Five ribs reach the sternum, all of them with uncinate 
processes. The sternum has two notches. There is neither 
spina externa nor spina interna. 

In the skull the margins of the orbit are veiw sharp, as in 
(Edicnemus and Rhinochetus. The interorbital septum is 
not greatly fenestrate. The descending process of the lacry- 
mal just comes into contact, but does not ankylose, with the 
prefrontal process of the ethmoid. The maxillo-palatine 
processes are curved and shell-like. In Houbara Macqueeni 
at any rate this bone reaches the jugal arch. The temporal 
fossa is guarded by two long and spine-like processes of the 
squamosal bones, as in gallinaceous birds, and much more 
marked than in Rhinochetus. 

The procoracoid is of moderate size and does not reach 
the clavicle. The two coracoids are not in contact at their 
articulation with sternum. 

I place the bustards in a group by themselves, largely 
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on account of the fact that they are in several respects much 
altered by modification from their allies. They show 
evidence of degeneration in the loss of the oil gland, in the 
occasional loss of one of the two carotids, in the absence of 
the biceps slip, and in the reduced muscle formula of the 
leg, Garrod associated with the bustards the CariamidoB, 
(EdicnemidaB, Serpentarius, and possibly Phcetiicopterus. 
There 'is, in my opinion, more to be said in favour of 
associating the first two families with the bustards than the 
last two. But, as I have pointed out elsewhere, Serpentarius 
shows more than one hint of a crane-like origin. As to the 
first two groups, they agree with the bustards in the muscle 
formula BXY, in the holorhinal nostrils, in the absence of the 
biceps slip {Carianm), the absence of basipterygoid processes, 
the absence or feeble development of intrinsic muscles to the 
syrinx ; the oil gland too, absent in the bustards, is nude in the 
cariamas, and thus shows a commencing reduction. But these 
various cases of reduction cannot be held to be necessarily 
indications of relationship. I should, however, lay some stress 
upon the holorhinal nostrils, the leg muscles, and the syrinx ; 
in this case the same conclusion as that advanced by 
Furbringer is arrived at, viz. that the Otides come nearest 
to the CEdicnemidae. The very difficulty of associating the 
Otides with either gruiform or charadriifonn birds is evidence 
of the common descent of all three divisions of the class. 


LIMICOLiE > 

Definition , — OU gland feathered. Aftershaft present. Aquincubltal. 
Skull sohisognathons. Both carotids present. Cssoa nearly 
always large. Ambiens* always present. Bioeps slip to patagiuxn 
nearly always present. 

This is a large group of birds which are cosmopolitan in 
range and embrace a variety of types, which may perhaps 
be arranged in six families. The type family is that of the 

* Seebohv, The Geographical Distribution of iJu CJutradriida, Ac., London, 
1887. A monograph of all the species (excl. gulls). 

* Bhynchops is alone exceptional in having no ambtens. 
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CharadriidsB, which contains the largest number of genera ; 
the remaining families are not separated from it by very 
numerous points of difference, and the group as a whole is 
very near to the gulls, which I only divide as a family. The 
birds of this group, though they are generally good flyers, are 
mostly found upon the margins of the sea or of marshes and 
pools ; and their long bills are apparently constructed with a 
view to probing the mud and sand of such localities for their 
food, which is, with the exception of the vegetable-feeding 
Thinocoridae, animal. The bill is usually long, and, in the 
woodcock, soft at the extremity, reminding us of the bill of 
ApteryXy being used, indeed, for the same purpose, to extract 
earthworms. In the curlew (Numenius) the bill is curved 
downwards, as in the ibis. In the avocet (Becurvirostra 
avocetta) it is curved upwards; in Eurynorhynchus it is 
spatulate at the extremity, and, finally, in the crooked-billed 
plover it is bent sideways. The legs are often long, and the 
toes moderately or very much so (Parridae). There are either 
four toes, the hallux being small, as in the whimbrels, 
pratincole, Ac., or the hallux and the remaining toes also are 
of enonnous length, as in the Parridie only ; in many forms, 
such as the stilt plover, the hallux is absent. In Becurvi- 
rostra and Himantopus andimis the feet are well webbed. 
In the phalaropes the feet are lobate. The colour of these 
last-mentioned birds is suggestive of that of the mature gulls, 
Just as the luarkings of the immature gulls is suggestive of 
the coloration of many LimioolsB, such as the dunlin, knot, &c. 
The number of rect rices varies from ten in Bhynchcea and 
twelve in Eurynorhynchus to as many as twenty-six in 
Scolopax. The face in Lobivancllus is adorned with fleshy 
lobes, so often found in birds. 

The pterylosis of the LimioolsB has been chiefly studied 
by Nitzsch,* who figures Scolopax and Charadrius. The dor- 
sal tract, single on the neck, bifurcates between the shoulders 
into two strong bands, which either are (Scolopax) or are not 
(Charadrius) continuous with the anteriorly bifurcate pos- 
terior section of the dorsal tract. The ventral tract divides 

‘ See also Andebson as quoted on p, 343. 


z 
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at the beginning of the neck ; on the breast each half gives oflf 
a strong lateral branch. 

All the Charadriidse, and indeed all theLimioola,' are schi- 
zognathous ; but many of them have not the typical condition 
of the vomer which accompanies as a rule the schizognathous 
skull. In the woodcut (fig. 169) a few exceptions to this are 

given, which range from the typical 
condition obser\^able in Sterna to an 
excavated extremity, such as charac- 
terises Beciirvirostra. In Chionis the 
vomer ends in the typical manner, i.e. 
in a point ; but it is exceedingly broad 
before its termination, and therefore 
quite unusual. 

In Thinocorus and Attagis the 
vomer is short and broad, and almost 
passerine in form. 

The maxillo-palatines are, as a 
ride, thin and scroll-like plates, which 
are bent downwards and often defi- 
cient in ossification, leaving holes here 
and there. The palatines have a 
spout-like process, extending upwards 
towards the base of the skull, which 
is especially well marked in CEdicne- 
mus. The LimicolflB are nearly all of 
them schizorhinal, the delicate bar of 

riG. 100.-L.NPER MEW OF ... 

Hkvll or Charadrius plui^ the premaxilla being inserted at a 
aiu (after different plane from the attachment 

maxilla; PI, i«iiatfne; H, rty*- of the nasals to the frontals. In the 

trum ; Dsaal ; Mxp, niaxiUo- 

i«iatine« ; •, cctethrooid. CharadriidsB proper there are a pair of 
largish occipital vacuities, one on either side of the foramen 
magnum. These same birds have basi-occipital processes, 

‘ Shufelpt (‘ Ck)niribotions to the Comparative Osteoloffy of Arctic and 
Subarctic Water Birds,* J, Anat. Phys. 1S89 and 1B90) figures a few skulls of 
LimicolsB. Bee also the same, * On Aphriza virgata,* Juum, Morj)h. ii. p. 811. 
Bee also * Osteology of Numenius^^ Ac., Joum. Anat, Phys, 18S5, p. 51 ; 

" Observations on the Osteolcy^ of Podasocys m^ntafiuz/ ibid, 188i, p. 86. 
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which vary somewhat in the degree of their development. The 
lacrymal bone articulates with the ectethmoid, and makes a 
complete arch of bone in the anterior region of the orbit. The 
bones are particularly slender in Himantopiis, leaving, there- 
fore, a large vacuity. In one or two types the foramen of the 
arch is almost obliterated by the thickness of the ectethmoid. 
The upper margin of the orbits in the Charadriidoe is marked 
with conspicuous grooves for the supra-orbital glands. 

There are fifteen cervical vertcbrce in HcematopuSy Nu- 
maiiiifiy &c. 

The atlas is perforated by the odontoid {Numenius, 



Fio. 1()0 - -VoMKiis OF vAiuouH Ltmicohp (after Garrop). 

1. Sfenu! hirntido, 2. Hiematopus ostralegiis. 

3. NtanrniiLs arquatus, 4. Rcc iirvirostra avocetta. 

5. Chionis alba, 

Limosa). The Limioolse differ from the Grues in the fact that 
oply one or two vertebrae (the ninth in Limosa) are furnished 
with two fairly closely approximated haemapophyses for the 
reception of the carotids. In Numodus these exist on the 
ninth and tenth, and there are traces on the eleventh. The 
first dorsal vertebra, or the first two, has a large distally 
expanded haemapophysis. an indication of a state of affairs 
w’hich is carried much further in the allied group of Alcae (q.v,) 
In these points the gulls may be contras1;ed with the more 
typical LimioolsB. There are no paired hsemapophyses borne 
by the centra. 

The unpaired hiemapophyses extend (in Lestris) from CIO 
to C15 ; on D1--3 there are slightly bifid heemapophyses. The 
atlas is notched. 

In Chionis CIO has a slightly excavated hoemapophysis, 



S40 STRUCTURE AND CLASSIFICATION OF BIRDS 


a trace of the double one of other birds. The heemapophyses 
of Dl, D2 are the longest, and the former is slightly trifid ; 
this trifidity is very marked in the case of the two last cervicals. 
The atlas is notched. 

In Parra, as in the typical Limicolse, the atlas is perforated 
by the odontoid process. On the eleventh vertebra only do 
the two processes, which form an incompletely closed canal 
for the carotids, approach each other markedly in the middle 
line. The first dorsal vertebra has the largest haemapophysis, 
which is flattened slightly distally. 

(EdicnemuSy with a notched atlasy has paired ventral out- 
growths for the carotid, closely approximated only on CIO. 
The three following have median blade-like hapmapophyses. 
On the fourteenth to sixteenth there are lateral outgrowths 
of these. The first dorsal has the last and the strongest 
haemapophysis. 

In Attagis the atlas is perforated ; the hoemapophyses 
are very feeble. 

In Limosa and in other genera the clavicle is attached 
by ligaments to the acrocoracoid, procoracoid (which is mode- 
rately developed and curved upwards), and scapula. The tw o 
coracoids are not in contact at articulation with sternum ; 
the latter is two-notched and has the spina externa only ; six 
ribs reach it. The same statements may be made about 
Hcematopus and NumeniuSy Eudromias (all examined l)y 
myself), as well as other genera. 

The pelvis of Numenius may serve as a type for that of 
the Limicolae. 

The preacetabular portion of the ilium is about equal 
in length to the postacetabular portion of that bone ; the 
two bones are excavated horizontally, and are just prevented 
from coming into contact by the fused neural spines of the 
vertebrae. The pubes are strongish bones and not fused with 
the ischia. The ischia end in long thin processes which 
extend back beyond the ilia and nearly as far as the ends of 
the pubes. Hcematopus and Limosa are much the . same. 
Chionis hardly differs. In Parra the pelvis has rather more 
the look of that of a rail. The pelvis of Attagis is wider 
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than that of other LimioolsB, and the ilia are rather further 
apart. In (Edicnemus histriatus, but not in (E, grallarius, 
the ischium has a well-marked pubic process, which reaches 
the pubis. 

As to the muscular anatomy, there is great uniformity in 
the tensores patagii of this group. Charadrius pluvialis 
may serve as a type. In that bird there is a biceps slip ; the 
tensor brevis early divides into two, of which the anterior is 
again divided not far from its ending ; a recurrent slip runs 
to the longus. 

The same disposition of tendons is found in Glareola, 
Nitmeniiis.ScolopaXy Himantopus, Vanellus, Machetes, Parra, 
Itrcurvirostra, Totanus, Limosa, the only differences being 
that in some (e.g. Parra jacana) the middle only of the three 
tendons which are inserted upon the fore arm is continued 
over the muscles of the fore arm to the lower border of the 
ulna, while in others (e.g. Mumenius) both the principal 
tendons are thus continued. In Glareola the middle and 
wristward tendons are thus continued. 

Vajiellus cristatus has been recorded with two separate 
biceps slips, which both run to the tendon of the longus. In 
T ring a catnitus I found a second biceps slip, largely but not 
entirely tendinous, which is attached to the outer of the two 
main tendons of the tensor brevis, this latter tendon indeed 
only dividing into two near its insertion on to the ulna. 

In Gallinago the recurrent slip connecting the two 
tensores seems to be absent. 

In Garnhetta jiavipes Garhod found no biceps slip at 
all, and it seems also to be absent in Metopidius afri- 
canus} 

Thinocorus ramicivoi'iis has the typical pluvialine arrange- 
ment of the tensores tendons that has b©«n already described, 
but the biceps slip is remarkable for the fact that it has a 
tendinous band running along it. The characters of the 
tensores patagii in this group are fairly distinctive and at 
any . rate serve to distinguish the Limioolse from the Balli 
They do not, however, permit of the enforcement of any 
' Foubks, P. Z, S. 1881, p. 
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views respecting the families into which the Limiools have 
been divided. 

An expansor secimdariorum is almost universally present, 
but is often feebly developed. It appears to be absent in 
Tringa canutus and Chionis, 

The biceps is so far noteworthy that only the coracoidal 
head is present in Bhynchcea and in Parra 8ine7isis.^ The 
condition of this muscle in Himantopiis is extremely 
interesting. It is stated by Dr. Gadow (on the authority of 
Meckel) to be a double muscle. In H. nigricollis I find 
the following arrangement : There are two distinct portions — 
(1) a part which may perhaps correspond to the entire biceps 
of other birds, with two heads, a coracoidal and a humeral ; 
from the former of these arises the biceps slip : (2) in addi- 
tion there is a distinct coracoidal portion, with a fleshy 
belly, which has, however, a common origin from the coracoid 
with the coracoidal head of the main muscle. Something of 
the same kind appears to occur in Chionis and Scolopax ; it 
may obviously be compared with the gulls (q.v.) In Cur- 
sorius the biceps was also double, though the division only 
commenced a little below’ the level of the humeral attachment. 

In Lobivaiiellus there were indications merely of the same 
division in the lower part of the belly of the muscle. Glareola 
has a biceps w^hich is double for the greater part of its course. 

The anconceus appears to invariably possess the tendinous 
humeral head. 

My remaining notes upon the myology of the group are 
scanty. In Lohivanellus atronuchalis, the semimembranosus 
and semitendinosus are inserted by a common tendon, and 
the latter gives off a branch to gastrocnemius. There is but 
one peroneal muscle (the longus). The latter is alone 
present in Chionis alba and Himantopus nigricollis. The 
pectoralis primus in these birds does not ai)pear to be 
divided into two layers. 

There is some variation in the deep flexor tendons of this 
group. 

' In this bird the biceps slip arises (as figured by FuBBBiNOEii) from the 
humerus itself. 
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In Totanus calidris there is a slender vinculum, and, in 
addition, the flexor hallucis gives off a special slip to the 
branch of the flexor conununis which supplies the second 
digit. The arrangement, in fact, is like that in Scopus, in 
many Aocipitres, &c. In the Parridse, on the other hand, the 
tendons blend early upon the ankle, and in those that have 
been examined no branch to the hallux has been discovered. 

Chionis alba has the deep flexor tendons of Totanus. 

In all Charadriidse the amhiens is present. The genera 
Charadrius, Calidris, Gamhetta, Gallinago, Limosa, Ma- 
chetes, Scolopax, Strepsilas, Totanus, Tringa, and Vanellus 
have the reduced formula AXY -I- . 

In Hccmatopus, Himantopus, Becurvirostra, JEgialitis, 
Numenius, there is the full formula ABXY -f ; so, too, in the 
representatives of the remaining families of the Charadrii, 
with the sole exception of the Australian thickknee, Bur- 
rhinus, and ^ome (Edicnenms, which have the formula BXY -f . 

With the exception of the ParridsB (q.v.) the charadrii- 
form birds have well -developed cseca. The intestinal mea- 
surements of a few types are as follows : — 



Small lot. 

Large Int. 

Cdeca 


Inches 

Inches 

Inches 

Hcematoims ostralcgus 

34 

1-6 

2*75 

CEdicneinus crepitans 

22 (32) 

3 

2^ (3) 

„ grallaritts 

10(17) 

2i (3) 

2i 

„ auperciliaris 

16 

2 

2 

„ Instriatus 

25 

n 

2i 

Himantopus brnsilicnsifi 

18 



Numefiius arquatus 

30 

2 

2^ 

Strepsilas interpres 

13 

1 

2 

Gambetta flavipes 

18 

4 

1 

Glarcola prat incola 


li 

H 

Scolopax rusticoLa 

48 

3 


Gallinago gallinula 

12 

1 

1 

Tringa canutus 

18i 

U 

n 

Lunosa rufa 

33 

li 

'i 

Numenius pJueopua 

20 

2 

H 

Vanellus cayennensis 

18 

— 

2i 

Becurvirostra avocetta 

41 (30) 

— 

3(2i 

Hydrophasianus chirurga 

12 I 

— 


Thinocorus rumicivorus 

120 i 

— 

2 J and 2J 

Chionis alba 

33 ' 

1*75 

8*25 and 9 

At tag is 

12*5 

— - 

3 

Eurynorhynchus pygmmis 

8-75 

•88 

•7 


* The bmcketii «toutaiug metigurementi) of a seoonil gpeoimeix. 

“ ANUKnsOK, *0u the Pterylosia, &e.,of the Bpoou-billed Sandplixer,’ Tr. Lii.n. Soc, (2), i. p. 218. 
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Comments upon the facts set forth in the above table must 
obviously be discounted by the variations (quite considerable 
in amount) which occur in one or two of the species. The 
table given by Gadow * increases the number and extent of 
the individual differences in intestinal length. 

In the liver the right lobe is, as a rule, larger than the 
left. Sometimes it is only slightly so ; but in Chara drills 
phivialis the right lobe is twice as large. In Scolopax rusti- 
cola and in (Kdicnemus crepitans the lobes are equal. The 
(jail bladder is nearly always present. Gadow did not find it 
in a specimen of Numenius arqnatus and of Tringa arenaria 
and r. alpina. This, however, appears to be individual. 

In all the Charadriida? the syrinx is of the tracheo-bron- 
chial pattern. 

In Vanellus cayennensis^ (fig. 45, p. 06) the last twenty- 
five tracheal rings are narrower than those which precede them, 
and of equal diameter throughout. The first two bronchial 
semi-rings are like split tracheal rings ; the next two are very 
closely applied together ; the remainder are nonnal bronchial 
semi-rings with no modification. The most remarkable fact 
about the windpipe is the enormous size of the intrinsic 
muscles, of which, however, there is only a single pair. The 
muscles end in a tendon, which is inserted on to the second, 
third, and fourth semi-rings. In Vanellus cristatiis the intrin- 
sic muscles are certainly large, but not so abnormal as in th^ 
other species of the genus. Only the last four tracheal rings 
are modified, and in front they are all fused in the middle 
line to form a bony box ; behind the last three tracheal rings 
are semi-rings, the pessulus being attached to the fourth. 
The muscles are attached to the first bronchial semi-ring. 

In Himantopus nigricollis there was no trace what- 
ever, that I could detect, of these muscles ; nor in H, 
hrasiliensis. Charadrius pluvialis^ Hceniatopus ostra- 
leguSf and Squatarola helvetica are also without these 
muscles. On the other hand they are present in Totanus 


* In Bronn'g Thierreicht * Aves,’ p. 624. 

* Oabbod, * On the Trachea of Tantalus loculatar and of Vanellus caym» 
is; P. Z, S. 1678, p. 626. 
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.canutuSf Tringa cinclus, Numenius arquatus, JEgialitis 
hiaticulay Limosa rw/a, L, mgocephala. Machetes ptignaXy 
Strepsilas interpres, and Scolopax rusticola. But although 
the muscles are present in the birds included in the second 
list they do not, in all of them at least, reach as far as the 
bronchi, though they may possibly be continued by fibrous 
tissue to a more normal point of attachment. Thus in 
Limosa cegocephahi the muscles stop three or four rings 
before the end of the trachea. In Scolopax rusticolay on the 
other hand, the rather broad intrinsic muscles reach as far as 
the first bronchial semi-ring. 

The windpipe of the Indian painted snipe (lilujnchcea 
capensis) is peculiar in that it is convoluted slightly in, the 
female, not in the male, as might be expected in view of this 
frequent difference between the sexes in other birds. As has 
been pointed out, the female is the larger and more richly 
coloured of the two, a fact which is in harmony with the 
more complicated tnichea. 

This is not seen in young females. The same condition 
is stated by Gould to characterise the Australian R. aus- 
tralis.^ 

The large group of the Limicolse has been variously 
divided. I follow Gadow' in the families, but include also the 
Laridco, which I separate from the auks. I should define 
the Charadriidee, to which most of the foregoing refers, as 
schizorhinal birds, with occipital fontanelles, furrow’s for 
supra-orbital glands and basipterygoid processes, and fifteen 
cervical vertebra^. 

The family (EdionemidsB has been instituted for the genus 
(EdicnemuSy which includes the Norfolk plover and a number 
of other species closely allied ; these range wddely, being only 
absent from North America, Central Asia, and New Zealand. 
The Australian (E. grallarius has been separated as a distinct 
genus, BurhinuSy which, as also (E. crepitanSy instead of 
possessing the complete muscle formula (ABXY-f), as in 

* Wood-Mabon, ‘ On the Structure and Development of the Trachea in the 
Indian Painted Snipe {Rhynchaa ea2>enais),' P, Z, S. 1878, p. 746. 
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the other members of the genus, has the formula BXY -f . 
The pteryhsis is as in the Charadriidse, but the number of 
rectrices may be as numerous as fourteen. There is no 
hallux. In the skull the absence of basipterygoid processes 
(sometimes indications of them are present, according to 
Gadow) and the holorhinal character of the nostrils distin- 
guish this family from the Charadriidse. The depressions 
for the supra-orbital glands are well marked. The lacrymal 
bones are nearly (occasional!}" quite, though by suture) 
united with a process of the frontals, and form a canal, 
through which the gland apparently passes ; this is seen in a 
more exaggerated way in Chionis and in Vanellus (v, de- 
scription of Chionididae). The post-orbital angle is not 
distinct from the post-frontal process. There are no occipi- 
tal foramina, as in Charadriidge. There are sixteen cervical 
vertehrce, the last tliree of which have ribs of progressively 
increasing length ; five or six ribs articulate with stenium, 
Contrar}" to what is found in the Charadriida>, the coracoids 
slightly overlap at their external articulation. 

Some of the visceral characters have been already dealt 
with above in the general description of the Limicolae. 

There is a tendency for the amhiens not to cross the knee ; 
this occurs individually with specimens of several species. 

The syrinx has not, except as an occasional variation, 
any intrinsic muscles. 

(Edicnemus bistriatus has on the anterior wall of the 
cloaca two hardly elevated ridges, which end by slightly free 
points, and seem to represent a rudimentary penis. 

The surgeon birds and ja^anas of the tropical regions of 
the Old and New Worlds, with their enonnously elongated 
feet and their somewhat rail-like aspect, are now known to 
belong to the Lunicols (and not to the Ealli), of which they 
may be regarded as forming a distinct family, Parrid®. 
Their anatomy has been chiefly studied by Forbes.* As 
with the Thinocoridae so with the present family there is a 
character of the alimentary canal which immediately distin- 
* * Notes on the Anatomj of the Jayanas,’ P. Z. S. 1881, p. 630. 
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guishes them from all their allies. In this family the cseca 
are mere passeriform nipples, measuring from -15 to -2 of an 
inch in length. 

The muscular anatomy has already been to some extent 
treated of in connection with the structure of the entire group 
of birds of which the present genera form a family. In all 
of them, Parra, Hydrophasianus, and Metopidius, the mus- 
cle formula is complete, ix. ABXY -h . The condition of the 
deep flexor tendons of the foot is very singular. As Forbes 
justly pointed out, the peculiarly large size of the hallux (as 
of all the digits) of the foot in these birds seems to be un- 
reconcilable with the entire absence of a special slip from the 
conjoined tendon of the long flexors. ' This fact,’ he thinks, 
‘ seems to indicate that the Parridae may have been developed 
from some form with a more normal-sized foot, and a small 
hallux which haxi no special long flexor, the great size of 
their feet having been developed in accordance with their 
peculiar habits.* 

The syrinx has a pair of intrinsic muscles. 

The skull has well-formed basipterygoid processes, but 
no occipital foramina or supra-orbital impressions. In 
Metopidkis the radius is extraordinarily enlarged (see fig. 70, 
p. 125). In the remaining genera there is no such modifica- 
tion of the bone, but there is a metacarpal spur, which may 
be of the same use, ix. for fighting. In Parra the clavicle 
is at its articulation further from the procoracoid than in the 
Charadriidir, and the sternum has only one pair of notches. 
Five ribs reach it.‘ 

The single genus Chionis,'^ of antarctic range and some- 
what gull-like form, makes up the family ChionididsB. 

There are twelve rectrices. 

The skull is peculiar in that the grooves for the supra- 
orbital glands end in a large foramen on each side, which is 

‘ The bones of Parra albimicha are described and figured by MniNE-EnwAiins, 
Hist. Madagascar. 

* The peculiar sheath which covers the base of the bill and the nostrils 
(whence ‘ Hheathbill ’) is declared by Studkr to be developmentally different 
from the tube of the Tubinares. 
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formed by the union of the lacrymal with a process of the 
frontal, forming a continuous bony bar. As has been already 
mentioned, (Edicnemus shows a very considerable approach to 
this state of affairs. So too, as I interpret it, do the quite 
typical charadriid Vanellus and Eudromias, In these birds 
the grooves for the supra-orbital glands do not, as tliey 
do in Limosa and Becurrirostraj border the margin of the 
orbit. They are situated at some distance from it, and each 
ends in a very small foramen, bordered in front by the 
ankylosed lacrjinal, which I take to correspond to the large 
foramen of Chionis. 

There are no occipital foramina or basipterygoid pro- 
cesses. 

The cervical vertehrce are fifteen, of which tlu‘ last tliree 
bear discrete ribs ; six ribs reach the two-notched sternum, 
and there is one behind. The clavicles have no hypocleidium, 
and end a long w’ay in front of carina. The coracoids are 
not in contact at sternal articulation. 

The muscle formula is ABXY -f . 

The syrinx of Chionis is not w idely different from that 
of other LimioolsB, and exhibits, as will be seen from the fol- 
lowing description, no particular resemblance to the Galli. As 
is the case in so many Limicol®, the intrinsic muscles end as 
such some way in front of the bifurcation of tho windpipe, 
though they are continued on to the bronchi by fibrous tissue. 
They end in Chionis upon the fifth tracheal ring counting 
from the last. 

The last four tracheal rings are more or less closely united 
to form an ossified box. The first bronchial semi-ring to 
w^hich the fibrous continuation of the intrinsic muscles is 
attached is the widest (from before backwards) of the rings 
of the windpipe, and is deeper than the bronchial semi-rings 
which follow\* 

* The following are the principal memoirg dealing with the anatomy of this 
bird : Eyton, ' Note on the Skeleton of the Sheathbill,’ P, Z. S. 1858, p. 99 ; 
A. Beichemow, ‘ Osteologie von Chionis minor' drc., J. f. O. xxiv. 1876, p. 84 ; 
SfiruFELDT, ‘ The Chionidie : a Review of the Opinions on the Byotematic 
Position of the Family,* Auk^ 1898, p. 158, and in ' Contributione to Comparative 
Osteology,* <fro., J. Anal. Phys. 1891, p. 509 ; Kiddkk and Coukb, * A Study of 
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It is usual to separate the two genera Thinocorus and 
Attagis, both South American birds, into a family, Thinoco- 
rid». In contradistinction to their allies they are grain- 
eating birds, connected with which habit is the presence of a 
crop, an absolutely distinctive character so far as the present 
group is concerned. Their anatomy has been chiefly studied 
by Garhod.* The differences which distinguish them from 



Fig. 170. — Skull or Attagis Gayi (after Garrod). 


other LlmioolsB are neither great nor numerous. In the skull 
the basipterygoid processes are absent, and the vomer is broad 
and rounded in front as figured by Parker ; ^ the skull, in fact, 
as has been mentioned on a previous page, is a}githognathous 
rather than schizognathous. There are no occipital foramina. 


Chionia mi^ior,' Bull, U.S. Nat. Mus. iii. 1870, p. 86 ; R. 0. Cunningham, ‘ On 
Chionis alba,' J. Anat. Phys. 1870, p. 87 ; Blainville, ‘M^*incire sur la Place 
que doit occuper le Genre Chioiiis,' Ann. Set. Nat. 1830, p. 97 ; Studer, 
Forschungsreise S. M. S. ‘ Gazelle,' Bd. iii. ‘ Zoologie u. Geologic,’ p. 107. 

* * Notes on the Anatomy and Systematic Position o! the Genera Thinocoi us 
and Attagis,' P. Z. S. 1877, p. 418. 

• ‘ On iEgithognathous Birds,* Zool. Tram. vol. x. 
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but the supra-orbital impressions are present. The maxillo- 
palatines are very far apart, and besides being short are 
swollen instead of being leaflike plates. The same pseudo- 
holorhiny that characterises the Glareolidte is also found in the 
present family. Five ribs reach the sternum. The coracoids 
are quite separate at their insertion on to sternum. The 
muscular formula of the two genera is the complete one 

ABXY4-. 

In Thinocorus rumicivorus the syrmx has a pair of 
lateral muscles, which are attached to the fourth incomplete 
ring when seen from in front. This is probably the first 
bronchial, the last three tracheal rings being thus incomplete. 

Glareola, Cursorius,Pluvianus,SinADroynaSy all Old-World 
genera, are included in a separate family, OlareolidsB, which 
Garbod regarded as ver\' near akin to the Thinocorida\‘ As 
in them, basipterj’goid processes and occipital fontanelles are 
absent, and impressions of supra-orbital glands present. The 
muscle formula too is complete, and the syrinx has intrinsic 
muscles. 

Except in Cursorius there is a hallux. Fobbks, with 
some reason, has united into a group Pluviales, equivalent to 
the rest of the LimicolflB, this family, together with the Thino- 
coridae and Chionididae, mainly on account of the above 
combination of skull characters found in no other LimicolaB. 

As in them also there is pseudo-holorhiny, the bony 
nostrils, though extending back beyond the nasal process of 
the premaxilla, being distinctly rounded off. 

PluvianuSy however, has typically holorhinal nostrils. 

In Cursorius the grooves for nasal glands are converted 
into elongated foramina by a fusion betw^een adjacent pro- 
cesses of the skull. 

The gulls form another distinct family, LaridsB, containing 
the genera LaruSy Lestris, Sterna , RhynchopSy AnouSy and 
Gtjgis, 

The skull is schizorhinal and schizognathous, without 

* Linn.«u8 placed Qlareola in genus Birundoy Sundevall in Caprimulgidae. 
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basipterygoid processes or occipital fontanelles,^ but with 
well-marked grooves for supra-orbital glands. In Lestris 
antarcticus at any rate there is a foramen formed round 
anterior end of supra-orbital groove, as in Chionis (q.v.) In 
Lestris there is a distinct tendency towards the pseudo-holo- 
rhinal condition of the Thinocoridae and Glareolidae. 

In Larus the relations of the clavicles, scapula, and cora- 
coids are as in the Charadriidao ; but the clavicles provided with 
a hypocleidium come into nearer relations with the carina 
sterni, to which they are attached by a ligament. The cora- 
coids are in contact behind the spina (externa) sterni. The 
same statement may be made of Lestris. 

The cervical vertebrae are fifteen in number. The dorsal 
vertebrae are, as in Alcidae and plovers, opisthocoelous. Six 
{Lestris antarcticus) or seven ribs articulate with the sternum. 
The first phalanx of the second is commonly perforated.^ 

As to the pterylosisy the plan is that of the Limicolse, but 
the ventral tract does not divide until some w^ay down the 
neck. The feet are webbed, the hallux is small or absent, 
and there are twelve rectrices. 

The muscular formula of Bissa tridactyla is AX 4- ; of 
LaruSy Stercorarius, mdGygisy AXY-h. The other genera 
have the complete formula ABXY + . Bhyncliops has no 
amhiens. 

In Lestris crepidatus and L. antarcticus the semi- 
•membranosus is sometimes two-headed, one arising from 
ischium and one from postacetabular ridge of ilium. 

The tensorcs patagii^ (see fig. 171) are on the plan of 

' These are present in the young: see Parkku, Linn. Tracis. (2), i. p. 142. 

* This does not, however, as it has been stated to do, distinguish the Larid® 
from other Limicol® ; though apparently universal in the gulls (including 
Anous and (hjgi»)y the same perforations are found in Glareola. The value of 
this anatomical fact may be judged by the perforation of the same bone in such 
varied types as PterocleSy Coracojms ob.^curay {not in C. nigra)y Psitfacula 
pOHserinay Machfsrhafnphus Andcrsoniy HeliodilnSy Captimulgusy Phaethon 
candidus (not P. rttlmcanda), and Fregata minor. These instances are taken 
from the osteological plates illustrating MM. Giiandidikr and Milne-Edwards’s 
JJiatoire Naiurellr de Madagascar. 

* For muscular anatomy of Larid® see Giebel, ‘ Beitrage zur Anatomie 
d. Mdven,* <kc., ZeiUchr. /. d. ges. Naturw. x. (1867), p. 20 ; Beddard, ‘ A 
Contribution to the Knowledge of the Anatomy of RUynchopSy' P. Z. S. 1896, 
p. m 
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those of other limicoline birds, but are apt to be a little more 
complicated. In Larns argentatus, of which the tendons are 
represented in the annexed cut, the anterior stronger branch 
of the brevis tendon gives off a forwards and downwards slip 
to the extensors of the fore arm, from w'hich arises the usual 
connection with the long us tendon. There is a second con- 
nection between the two tendons. At the origin of the 



Fio. 171.— Tkni4ohe8 Pataoii of HhytuJiops (aktkii Bedoard). 

/./>./, tennor longus ; tenror brerift; IS, wristwanl slip ; f\ jMUAgial fan ; 
A, tciKlons to uljtur dde of arm. 


patagial fan is a bony nodule, as in the petrel. The tensor 
longus tendon also gives off a slip (A, fig. 172) to the inside 
of fore arm which is also present in the auks (q.v.) In 
Bhynchops (fig. 171, A) there are two such tendons. 

Lestris antarctica, Sterna^ tmA harm marinus (according 
to Fchbkinger’s figure, PI. xix.) are much the same, but pe 
without the additional slips A and B. Of these A is present 
in Rissa tridactijla. 

The expamor sccundariorum is frequently absent, but it 


LIMICOL^ 


353 


is present in Larus argentatus, marinus, and glaucus, not 
in fuscus. It is absent in Sterna and Lestris ; present in 
A nous ; absent again in Bhynchops, 

The hiceps is peculiar in some members of this family. 
In Larus, Sterna, and Anous the hiceps has, as usual, the 
two heads, humeral and coracoidal ; but they form two per- 
fectly distinct muscles, of which one, the coracoidal, soon 
divides into two distinct muscles again, which are inserted 



Fio. 172. — Tenborbb Pataoii or Larus argentaiiis (after Beddard 
FROM Forbes). 

N, osHeou* iiodalc. Other letters aa In figr- 171. 


respectively upon the radius and ulna. The biceps head 
goes to the radius, and as a rule gives off the biceps slip to 
the patagium ; but in Larus ridibundus, according to Fur- 
BBlNOER, this slip arises from the coracoids, an anomaly 
observable also in the petrel, Thalassiarche. Bhynchops 
has no biceps slip at all. 

The amoncem is generally attached by a tendon to the 

humBruB... 

AA 
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The C€Bca vary considerably in their development, as the 
following table of measurements shows : — 



Small lilt. 

Vnecn 

Large Int. 

Larus argentatus . 

56*25 (36) 

5 (-25) 

8*25 (1) 

„ glaucus 

66 

*5 

2*76 

„ ridibundus . 

26 

•26 

— 

Jamesoni 

12*9 

*12 

1*75 

Lestris pomatorhimts 

30*5 

8 

3*5 

„ antarcticus 

38 

3*4 

2 

,, crepidatus . 

18*5 

2*25 

2*5 

Sterna cantiaca 

24 

•25 

— 

Rissa tridactyla 

25 

*25 

•75 


The lobes of the liver are subequal in Sterna, Anous, 
Gygis, and Bissa, In Laras and Lestris the right is the 
larger. A gall bladder is always present. 

In A nous the c^ca are quite short ; in Gyg is long and 
charadriine. 

The syrinx of this family is typically tracheo-bronchial 
(at any rate in Laras), with well-developed muscles, which 
always reach the bronchi. The family thus differs from 
other Limicolffi where there is a tendency towards a retro- 
gression of the intrinsic muscles, sometimes culminating in 
actual disappearance. 

In Laras marinas the last six or seven tracheal rings 
are rather narrower from above downw^ards than those 
which precede them, and are more or less finnly attached 
(except the last ring, which is incomplete both in front and 
behind) to form a box. When the syrinx is viewed from 
behind, a broad three- w^ay piece is seen, into the formation of 
w'hich the penultimate tracheal ring and the four or five in 
front of it appear to enter. This piece, however, is only 
really solid at the edges, the bars being a continuation of 
the penultimate tracheal rings. In the middle it is so thin 
as to be little more than a membrane. The first bronchial 
semi-ring (to which the intrinsic muscles are attached) is 
bow-shaped and in close contact with the last tmcheal ring. 
The remaining semi-rings are narrower and run in a straight 
direction across the bronchi. 

The membrana tympaniformis is distinguished by its 
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thinness and transparency from the thick yellowish mem- 
brane which unites the edges of the greater number of the 
bronchial semi-rings. 

In Larus fuscus and L. glaucus the differences are but 
slight, and chiefly concern the greater solidity of the three- 
way piece. 

In Larus argentatus the edges of the three-way piece 
are most solid ; but they are connected by a series of four 
or five bars which divide up the central region of the three- 
way piece into alternate thicker and thinner portions. This 
is a peculiar specialisation of the three-way piece which I 
have not observed elsewhere. There is, furthermore, a thin 
bony curved rod, closely applied to the outside of the three- 
wa)" piece, which arises from, or is at least connected with, the 
last tracheal ring. 

Lest r is antarciicus has a syrinx which is rather different 
from that of Larus, and which points in the direction of the 
Charadriidfle, owing to the fact that the intrinsic muscles do 
not reach the bronchial semi-ring except as a fibrous band. 
The three-way piece, which is solid, is formed by two or three 
tracheal rings ; there is no differentiation in membrane 
closing bronchial semi-rings. 

It is evident from the foregoing account that, while there 
are a few differences between the various genera of Laridae, 
lihynchops is quite the most anomalous form in structure as 
well as in external appearance, as seen in its remarkable bill, 
with its scissor-like edge and projecting mandible. Still, 
the differences are, in my opinion, not sufficient to place 
Rhynchops in a family by itself opposite to the remaining 
*Larida\ It seems that the usually received division of the 
family, making an additional one for Rhynchops, will serve to 
divide naturally the Laridae ; we may term these divisions 
subfamilies. They will be thus characterised : — 

Subfamily I. Larinee. 

MuscU formula of the leg,AXY-h- Cceca rudi- 
mentary. Biceps slips and expansor secun- 
dariorum present. 
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Subfamily II. StaroorariiziflB. 

Micscular formula, -4AT -h . Cceca long. Biceps 
slip present. Expansor secundariorum absent. 

Subfamily III. Sternins. 

Muscular formula, ABXY . Cceca rudimentary. 
Biceps slip present. Expamor secundariorum 
absent. 

Subfamily IV. BhynoliopmaB. 

Muscular formula, ABXY--. Caca rudimentary. 
Biceps slip and expansor secundariorum absent. 

Gygis and A nous require further investigation before they 
can be placed in this system ; they are usually regarded as 
terns — by Howard Saunders, for example. Anous has the 
complete muscle formula. Gygis has the formula of the 
gulls ; but then the tern, Sternula (sp.), wants the accessory 
feraoro-caudal, and in this approaches the gulls. Anous has 
the expansor secundariorum. 

Of undoubted or reputed extinct limicolous birds a number 
have been described. If PaUeotringa (with three species), from 
North America, is rightly referred by Marsh to this group, it goes 
back to Cretaceous times. Milnea, from French Miocene, is known 
by the humerus. Elorhts, known by an imperfect coracoid, a tarso- 
metatarsus, and parts of the skull, seems to belong here. JEgkiU 
ornis is considered by Lydekker to have been a gull-like birds 
largely on account of the perforated first phalanx of the second 
digit.* Halcyomis has been described from the extremity of a 
humerus and the back of the skull. 
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Cerv. Vert. 
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Ba8i}»t. Pr. 
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Schiz. 


+ 

A(B)XY + 

CEdicnemidia . 

1 Notch 

16 

Overl. 

2-notci)cil 

1 Hoiorh. i 



1 (A)MXY + 

Parridw . 

j Perf. 

16 

fhrerl. 
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Hchli. 

+ 
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ABXYh- 

CuionifUdn 

! Notch 

16 
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1 Hchlz. 
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ABXY + 
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; Perf. 

16 
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Pnotohoil 
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ARXY + 

GlareoUdw 


16,16 

Distant 

2*notolicd 

1 P».-hol. 

— 

1 ... 

ABXY + 

Larida} 

* Notch 

16 

In coiit. 

2- notched 

1 schiz. 1 

- 


A(B)XY, + ) 


' A character which we have seen {supra, p. 851, footnote) to be of no 
accoont in fixing affinities. 
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The foregoing table shows some of the principal points 
in which the several families of the LimicolsB differ from 
each other, and will afford a justification for the divisions 
adopted in the present work. Whatever is the relation 
between the other families, we can clear the ground by 
removing the Laridae from competition for the basal place 
in the series. As was discovered by Parker, the young of 
these birds have basipterygoid processes and occipital forniina, 
the persistence of which, therefore, in the Charadriida? and 
ParridoB (basipter3’goids onljO places those two groups lower 
in the series than the more specialised gulls. That the gulls 
are rightly placed here, and therefore as rightly removed from 
a closer association with the Alcae, can hardly be disputed. 
Gadow, who does the reverse in his scheme, enumerates only 
the following points in which the gulls differ from the 
Limioolse : — 

In the Larida* — 

Down feathers are thicker. Coracoids in contact. Haem- 
apophyses (not in Lesfris) wanting to the dorsal ver- 

tebrae. Hypotarsus simpler. In muscle formula of leg dis- 
appearance of B instead of Y. Webbed feet. 

As a matter of fact, the crossing of the coracoids in 
(Edicnemiis destroys the second of these, at best very slender, 
grounds, and, as Gadow admits, the webbing is almost as well 
developed in Recu ret rostra. 

On the other hand the differences from the Alcae are 
more pronounced. 

These latter birds have — 

A much longer sternum. 

Largely developed dorsal hcemapophyses, of which in- 
dications only are to be found in the gulls and in other 

Limioolaa. 

The biceps slip is peculiar. 

The leg muscles are always reduced, the formula being 
in Phakris only AX - . 

It may be mentioned in addition that the expansor 
fiecundariorum is always absent in the Alcaa and only some- 
times in the Laridae. The auks are, in fact, so far as we 
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can see, a further modification of the gull type, but further 
from them than they are from the limiooUB. 

We may, therefore, probably regard the gulls as a slightly 
modified offshoot of the typical Limioola (Chionis, perhaps, 
being slightly intermediate), leading towards the Alose. The 
arrangement inter se of the remaining families brings us to 
the broader question of the affinities of the limioolaB as a 
group. It appears to me that the only other groups which 
need be specially considered in this connection are the 
OruM, (hides, and Ralli. It may be convenient to preface the 
discussion w'ith a tabular statement of the actual points of 
likeness between these several groups. 


Cen\ vertebra 

Limicoltt 

15-16 

(Jruen 

14-20 

(Khle«« 

16 18 

tUlli 

14,15 

Basipt, pr, . 

~ or + 

- 


- 

Nares . 

Schiz. or hoi. 

Schiz. or hoi. 

Hoi. 

Hoi. 

Occip. foram. 

+ or ~ 

-*■ or “ 

- 

- 

Sternum 

1* or 2-notched 

1- or 2-notche(l 

2not<!hc<l 

1' notched 

Leg muscles 

A(B)XY + 

(AB)XY - 

Bxy+ 

ABXY-f 

Patagial fan 

+ 

<♦- 


- 

Biceps slip . 

+ 

+ or - 


4- 


The very difficulty of finding any characters, greatly 
noteworthy, in which the groups in question vary is an 
index of how closely allied all four are. There can, to my mind, 
be no doubt of their common origin. The LimioolsB on the 
whole come nearest to the Grues, and especially to the true 
cranes, whose distinctive characters are a little sw'amped in 
the above table, owing to the aberrant cranes (e.g. Bhinochetux, 
Psophia), whose peculiarities have naturally modified that 
table. Taking this point of view, it seems to follow that of the 
Liiniools the most primitive section is that of the Chara- 
driida* proper; for it is among them that the fonns with 
the greatest number of points of resemblance to the cranes 
occur. I should consider these birds to be slightly low’er in 
the scale than the cranes. 
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ALCiB 

Definition. — Oil gland tufted. Aftershaft present ; aquin cubital. 
Skull sohlaognathous and sohisorhinal. Occipital fontanelles 
present, but no basipterygoid processes. Two carotids.' Ten- 
sores patagii and biceps slip distinctive. No expansor secun- 
dariorum. Dorsal vertebras opisthcocoslous. 

This group of birds comes nearest to the LimicolsD, but 
differs more from any of them than they do among them- 
selves. The group is entirely confined to the northern 
hemisphere, and is mainly Arctic. 

The oil gland is invariably tufted and the feathers have an 
aftershaft. 

In the pterylosis the dorsal tract divides between the 
scapula, and there is (? universally) a well-marked spinal 
space. But there is no break between anterior and posterior 
parts (as in Limicolfle). The ventral tract, contrary to what 
we find in the LimioolsB (inch Laridae), does not divide early 
in the neck. The rectrices (see table, later) vary in number 
from tw^elve to sixteen. The Great auk (Alca impennis) is 
said to have possessed eighteen. 

The oil gland has often many apertures ; there are only 
two in Brachyrhamphus vmrrmratiis, but four in Lunda 
cirrhatUy six in Synthliborhaviphtis antiquus, and eight in 
Uria coluviha.*^ 

The skull is schizorhinal ^ and schizognathous, with well- 
marked occipital fontanelles ^ and impressions for supra-orbital 
glands ; the latter nearly meet in the middle line, leaving but 

' SynMibortvamphiia antiqum has only one (the left). 

* The remarkable shedding of the beak of the puffin (stated also to occur in 
the penguin ; cf. P. Z. S. 1S80, p. 2) has been described by Bureau in Bull. 
Soc. Zool. Fr. ii. 1877, pp. 377, 432. See also ibid. iv. 1879, p. 1, for the same 
phenomenon in other auks. 

■ For osteology of auks see Owen, ‘ On Alca impennis^' Tr. Z. S. v. p. 317 ; 
Shufeldt, /. Anat. Phys. vol. xxiii. ; and Parker, ‘ On the Morphology of the 
Duck Tribe (Anatidee) and Auk Tribe (Alcidro),’ CunningJuim Memoirs JR. Irish 
Ac. No. 6, 1890. 

* These are sometimes obliterated with age. I find them present in a young 
Uria troile, absent in an old one. In a specimen of Fratercula arctica there 
Was only one present. They also may be present or absent in Brachyrhamphus 
and Synthliborhamphus. 
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a thin median line. The interorbital septum is very imper- 
fect. Basipterygoid processes are absent in the adult, but 
present as rudiments in the young. The lacrymals are 
firmly uiiited with the prefrontals, as in gulls and lamioole. 
The vomer is distinctly double in the young. Alca torda 
has an os uncinatum. In TJria troile and in Alca torda and 
A. impennis there is on each side a foramen at anterior end 
of supra-orbital grooves, as in Chionis, &c. There are fifteen 
cervical vertebra: ; the first few dorsal vertebrae have very 
conspicuous haemapophyses, bifid at their free ends. Seven 



Flo. 173. — Tenbores Pataou of Lunda Fio. 174.— Thf. Same or Sjfnthli- ' 
cirrJiata (afteb Beddard from Forbes). borhamxihus antiquua. 


slip to ulnar aide of fore ami. 

ribs reach the very long and narrow sternum, which has one 
notch on each side posteriorly (Uria), or in addition a fenestra 
on each side and a median notch (Fratercula) or no notches 
at all (Alca impennis). 

As to the muscular anatomy of the auks, the simplest 
form^of the tensores pcCtagii tendons ' is seen in Alca torda, 
where there are two brevis tendons, both of which pass over 

' For mosoleB of Alca (and Spheniscus) see A< Carlsson, 'Beitrage zur 
Kenntniss d. Anatomie <1 SchiRiijiimvdgel/ Bih, K, Svensk, Vet. Ak, Handl, 
ix. 1884, No. 8. 
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the extensors of the fore arm to be inserted on to the nlna ; 
the anterior of these bifurcates in the limicoline fashion 
just in front of its insertion, and here a very faintly marked 
fan^ (FihiBiiiNGEK) connects it with the longus. 

Synthliborhaviphiis antiquus is in some respects even 
more simple/** 

There is but one brevis tendon, from which — just as it 
passes over the extensor of the fore arm — the merest apology 
for a forward branch exists ; 
from this branch arises a 
special muscular belly of 
the extensor rmtacarpi (cf. 

Petrels). There is no 
patagial fan, but a special 
slip, found in all the other 
members of the family (and 
also occurring in Larus 
ar(je7itatus), runs from the 
longus tendon to the op- 
posite side of the fore arm 
to that upon which the 
patagial fan, when present, 
is inserted. 

In B rachy rhamphus 
^ marmoratus three separate 
and parallel tendons arise 



Fi«. 17h. — Tensokek Pxtagii of Cerato- 
ihina mouocerata (after Bei>dard from 
Forbek). 


from tensor patagii brevis muscle, of which the anterior is 
the strongest and alone passes to the ulna. From a small 
wristward slip arise a few fibres of the extensc^r metacarpi, as 
in the last species. There is no patagial fan, but an ulnar slip, 
which gives off a branch running back to the humerus. In 
Uria columba there is the same. 

In Lunda cirrhata there are but slight differences ; the 
two most anterior of the brevis tendons cross the extensor 


* Not figured at all by Garroi> in a MS. sketch. 

* For various details in anatomy of soft parts see Beddard, ‘ On tVie Anatomy 
of a Grebe (Jhlchmop}iorn>s niajoip with Eemarks upon the Classification of 
some of the Schizognathous Birds,’ P. S* 1890, p. 638. 
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muscles and reach ulna, but they cross it as a single diffuse 
band formed by their fusion. 

Ceratorhina morwcerata has a slight patagial fan, as well 
as ulnar slip ; otherwise it is like the last. 

Fratercula arctica has only two brevis tendons, upon the 
anterior of which, at the origin of the patagial fan, is an 
ossicle. 

The biceps slip is present in Alcidae, but is generally, if 
not ahvays, peculiar. Thus in Alva tarda it is inserted partly 
on to patagial membrane, partly on to inner of tw^o brevis 
tendons (not long us tendon). 

In Lunda cirrhata it arises tendinously and joins inner 
of three patagialis brevis tendons. The biceps slip (as in 
some petrels) is all that is left of the humeral head of the 
biceps. 

The biceps slip of Fratercula arctica is inserted on to 
middle of three tendons. 

In Brachyrhamphus marmoratus the biceps slip ends in 
a long and fine tendinous tliread, which is inserted on to the 
innennost of the three tendons of the brevis. 

In Phaleris psittacula the biceps slip is firmly adherent 
to the single brevis tendon ; but from it just at the lower end 
of the line of the brevis tendon an obliquely running strand 
is found, which reaches the tendon of the longus. 

The biceps, a» already mentioned, consists merely of the 
coracoidal head, the humeral head being rci resented only by 
the biceps slip. 

The muscle is not large, and in Phaleris its muscular 
belly is largely divided into two. 

The humeral head of the anconaus seems to be nearly 
always present.* 

There is no expansor sccundariorum. The deltoid has, 
as a rule, no scapular slip, but there is one in Uria, 

The muscles of the leg which are invariably present are 
the femoro-caudal and the semitendinosus. The accessory 
head of the latter is never present. The ambiens and the 
accessory femoro-caudal may be present, and, except in 

* It is (? mdiTidaally) absent in Brachyrhamphus marmoratus. 
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Phaleris psittaculaf are never both absent; the formulae are 
the three following : — 

ABX- Uria, 

AX -f Cera torhina, 

AX — Phaleris, 

The biceps femoris of Brachyrhamphus gives off a fleshy 
slip to the outside of the thigh, to the gastrocnemius (cf. 
Poclica). This slip is not to be found in Phaleris. 

The least modified form of syrinx is seen in Alca tordOy 



Fin. 176.- -Syrinx of Lomria Fig. 177.~Sykinx of Ceratorhina 

troik (after Bf.di>ari»). vumocerata (after Beddaro). 

I, Intriuftlo luust'U*. i. intrinsic muscle. 

Lomvia troile, Synthliborhamphus antiquuSy and JJria 
columba. 

In Lomvia troile the last four or five tracheal rings enter 
into the formation of a three-way piece, which is deeply 
excavate medianly. The intrinsic muscles are attached to 
the first bronchial semi-ring, which hardly differs from those 
that follow ; it and the one wdiich immediately succeeds are 
slightly more broad than the rest. 

Alca torda is rather more gull-like, there being no 
marked depression in the pessulus medianly, and the trans- 
parent inembrana tympaniformis being sharply marked off 
from a thicker yellowish region behind. 
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Synthliborhamphus antiquus has also a perfectly typical 
tracheo-bronchial syrinx, the first bronchial semi-ring (to 
which intrinsic muscles are fixed) being longer and deeper 
than those which follow. Phaleris is similar. 

Vria columba distinctly differs from Lomvia troile (with 
which it is often considered to be congeneric), and is an 
approach towards a type of syrinx to be described imme- 
diately, but with certain peculiarities of its own. 

A dozen tracheal rings in front of the last are very 
thin (more particularly in front), and have, therefore, wide 
membranous intervals. The last tracheal ring, however, is 
stout and ossified ; it appears to be composed of two closely 
adjoined; posteriorly tliree rings enter into the formation 
of the tracheal box. The first bronchial semi-ring is very 
much arched, so much so that laterally it conceals the last 
tracheal rings. To it the intrinsic muscles are attached. 

In Ceratorhina monocerata this state of afl’airs is ex- 
aggerated. Not only the first, to which muscles are attached, 
but the second bronchial semi-ring is very convex upwards, 
forming, indeed, the half of a rather elongated ellipse, as 
shown in the figure (fig. 177). The last two tracheal rings 
are ossified and closely connected. The last twelve tracheal 
rings are shallow vertically and leave considerable mem- 
branous interspaces. 

In Lunda cirrhata there is an almost identical syrinx, 
but the last tracheal rings are not particularly thin in front. 

Fratercula arctica and F. cor?iiculata are sufficiently 
similar to need no special de.scription. 

The tongue is generally fleshy, elongated, triangular, and 
spiny only at the base. 

The relative proportions of the liver lobes not only vary, 
but the absolute size of the organ varies greatly. 

A gall bladder is always present. There is no crop. 

The cceca are usually mere nipples, inch in length, 

but in Alca tor da one inch. The length of the small 
intestine in Fratercula arctica is 28*5 inches, in Alca tor da 
49'5 inches. 

From the characters displayed in the accompanying 
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table it seems possible to divide the group into two families, 
UriidsB and Fraterculidae, which maybe thus defined : — 

UriidflD. 

Bectrices, twelve or fourteen. Lobes of liver equal, 
or left larger than right. Muscle formula, 
ABX-- {or AX--). 

FraterculidaB. 

Rectrices, sixteen. Lobes of liver equal, or right 
larger than left. Muscle formula, AX-\‘. 
Syrinx peculiar. 


- 

llectrieoi* 

!Accet««4»n 
Femoro- 1 
caudal | 

Ambietis | 

1 

Liver 

LobeB 

j Syrinx 

rolumfHi 

14 

G<kx1 

0 


i 

Spnihlifutrhamphut antu/nux 

14 

Good 1 

0 

L>R 


( 'rratorh i na m on ocerafa 

16 

d 

Good ' 

L«R 

With U-shaped first 
bronchial semi-ring 

Lunda cirrhata . 

16 

0 

Good 

R>L 

With U-shaped first 
broucliiol semi-ring 

Srac/iirrtiampfim maniiorato* 

U 

Broad 

0 

L>U 

/^Uris ptUtaruin 

14 

0 

0 

L = R 


Fmit^rcula archea 

16 

0 

Slender 

R>L 

With U-shaped first 
bronchial semi-ring 

A len tarda . . . . 


Present 

0 

L^R 

Vria tnHlr .... 


G<mmI 

0 

L,^R 

' 


There appears to me to be no doubt that the Alcee are 
best placed in the neighbourhood of the LimioolaB, though, 
as FCtiibkinoer justly states, ‘at first sight the relations 
between the two groups do not appear to be intimate.’ 
These differences, how^ever, merely concern outward form, in 
which it is perhaps reasonable to compare the auks with 
the grebes. But an anatomical study shows plainly that 
the grebes are much further away from the auks than are 
the LimicolaB. Such points of likeness as there are with the 
Clol]rinbi are largely, if not entirely, due to the similar life ; 
thus the elongated sternum, which is also shared by the 
aquatic ducks, and possibly the muscle formula ABX-f. 
With the LimicolaB are many positive points of likeness, to 
which no such explanation set^ms to be applicable. In the 
skull it is hard to find points of difference ; but the most 
remarkable point of similarity is the presence in both groups 
of those additional tendinous slips upon the patagium on the 
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ulnar side (in Charadrius as well as Laridae) which have been 
duly described in the foregoing pages. Nor are there any 
salient facts, save such as are evidently associated with loss 
of the power of flight, which contradict such a placing. 

aRUES 

DeJiniiion. — OH sland present and tufted; ' feathers with RR aftershaft. 
Beotrioes, twelve, i^quintooubital or quintooubitaL^ Ambiens, 
semitendinosus, and aooessory always present. Bxpansor seoun- 
dariorum present. Casoa large.* Bkull sohisognathous, sohiso* 
rhinal, without basipterygoid processes. Two carotids. 

Among the typical cranes of the family Omidfle I include 
not only the nearly cosmopolitan Grufi and the African 
Balearica, but also the South American Ararnus, 

There are no particular remarks to be made about the 
pterydosis, which Nitzsch states to be precisely like that of 
Psophia (see below, p. 374). 

The muscular system is fairly uniform in its characters, as 
w’ill be seen from the length of the above definition. 

The tensores patagii of the demoiselle crane (G. virgo) 
are furnished with a muscular biceps slip, w’hich is reinforced 
by a tendon springing from the biceps l>elow^ the origin of the 
biceps slip. There is also the usual fibrous junction with 
the deltoid crest of the humerus. 

From the pectoralis ^ springs a broad flat tendinous slip, 
which joins the undivided tensor patagii. The tensor brevis 
divides at once into two thin broad diffuse tendons, of which 
the anterior sends forward a wristward slip, from whose 
junction with extensor metacarpi a slight patagial fan pro- 
ceeds to the longus tendon. 

In Grus leucogeranos the tensor brevis tendon widens out 
shortly after crossing biceps slip into a wide diffuse band, 
composed of many strands, but not distinctly separable into 
two or three tendons. There is a patagial fan. 

‘ Except in Mesiiea, Cariama, and Rhinochetm, 

* Rhinochetus, Cariama, Psophia, » Not in Eurypyga, 

* The peciordUs L is osaally stated to be single. It appeared to me to be 
distinctly doable in Orus carunculatus and in Balearica pavonina, especially 
in the latter. 
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Aramus scolopaceus has the same thin diffused tendons ; 
but they are distinctly divided below into a main tendon and 
a wristward slip. There is no patagial fan. 

The anconceus has generally, if not always, a well-marked 
broad humeral slip. 

The typical formula of the leg muscles for the cranes is 
ABXY-I-. This is the case with all the members of the 
genus Grus, excepting G. leucogeranos, where I could find 
neither A nor B. In Aramus and Balearica pavonina the 
formula is BXY -f , and in B. regulorum, as in G. leucoge^ 
rams, XY -h only. In G. the feraoro-caudal is 

minute and has but a feeble accessory. 

The deej) flexor tendons are united by a strong vinculum. 

Both peroncals appear to be present ; but the only notes 
at my disposal on this matter refer to G. leucogeranos. 

The left lobe of the litter is much smaller in JB. pavonina, 
a little smaller in G, antigonc and G. virgo. The proportions 
are reversed in Aramus. 

The gall bladder is present ; there is a good gizzard ; the 
prove7itriculus is zonary. The following are intestinal mea- 
surements : — 



Int. 

j Ijarjrt' Int 

! CieCH 



I nolies 

Inches 

(irus antigone 

69 

3*5 

, 7 and 8 

leucogiranos . 

78 

r> 

6-5 

80-5 (<J)86( . ) 
76 

7(?4$ 

8^59 


3’5 

7-5 

canadmti* • 

72 

3*5 

4-25 

anstralosiam J 

H4 (73) 

6 (3-5) 

7-5 (7 and 8-25) 

xnrgo 

51*5 

3 

2-5 and 3*25 

Balearica pavonina ? 

54 

2-5 

6*8 and 6*1 

„ regulorum S 

64 


5*5 

Aramus scolopaceus 9 

40 


2, 2i 


The intestinal coils in the crane tribe are very character- 
istic and quite unlike those of any other birds except the 
rails and bustards. The figure of Cariama shows the 
characters of the Grues generally and may be compared with 
that of Crex on p. 323, 

The genus Grus has the most typical syrinx. In G. leuco- 
geranos the first bronchial semi-rings are firmly attached to 
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each other, and the first two are ossified and somewhat arched. 
To the first of these are inserted on each side the two flat, rather 
broad intrinsic muscles, which run side by side, and w'hich 
appear to be continued by fibrous tissue on to the second 
semi-ring. There is a normal pessulus. The membrana 
tympaniformis gets narrower from above downwards (having, 
therefore, a triangular form), and finally ends opposite the 
thirteenth semi-ring ; but the rings remain semi-rings after 
this point, though their ends are very closely approximated, 
until close to their opening into the lung. G. australasiana 
shows no special differences. In G. canadensis the two mus- 
cles, though distinct above, appear to fuse below ; they do not 
quite reach the bronchial semi-ring as muscle, but are 
attached to it by a short ligamentous ending. Grus carun- 
culata agrees with the last. 

A peculiarity found in many cranes is the convoluted 
trachea.* This state of affairs is not found in Balearica or 
Aramus, 

In both males and females of the following species the 
trachea is convoluted : G. cinerea, G. antigone, G. carun- 
culata, and G. leucogeranos. The males of G. australasiana 
and G. canadensis are known to be the same, and the female 
of G, ainerieana. In the female of G. leucogeranos and in 
the male of G. carunculata the trachea, though convoluted 
more or less, does not enter the substance of the sternum, as 
it does in the others. This too holds good for Tetrapteryx 
and Anthropoides. 

The trachea has the usual pair of extrinsic muscles, which 
in Balearica pavonina arise not from the costal processes, as 
is the rule, but from the angle of the first rib. 

I have myself examined syringes of the following species : 
Grus canadensis, G, australasiana, G. leucogeranos, G. 
carunculata, Balearica pavonina, and B, regulorum. 

The syrinx of Balearica is rather different and less 
typical. 

The two intrinsic muscles are present, but they end in a 

* See * A Natural Historj of the Craoes,* hy W. B. TiiOETinEZSR, and Fobbes, 
P. Z. S. 1882, p. 368. 
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fibrouB band fourteen rings above the end of the trachea. 
The first tracheal ring is not so strongly modified as in 
Grus, 

B, pavonina hardly differs. 

There are nineteen cervical vertebrce in G. carunculata, 
twenty in Balearica. 

Seven ribs reach the sternum in both. The clavicles in 
the former and in Tetrapteryx are ankylosed with the sternum, 
but not in Balearica. Some of the dorsal vertebrae are partly 
ankylosed. 

The skullh^ks occipital fontanelles, as in mostcharadriiform 
birds. This holds good also of the slightly aberrant 
The impressions for the supra-orbital glands are slight, and 
largely concealed when viewed from above. The lacrymal 
bones do not blend w’ith the ectethmoid. The interorbital 
septum is much fenestrated, but not so much so as in the rails. 
In Tetrapteryx and Balearica ' the palatine bones do not 
appear to come into contact posteriorly, and at any rate the 
inner lamina is continued right to the end of the bone. 
This is not the case with Grusy where the bones do come 
into contact posteriorly and the inner laminae are not 
continued to the end. 

The pelvis of the typical cranes (GruSy Balearicay Tetra- 
pteryx) hardly differs from that of such a rail as Aramides. 

An outlying member of this group is usually included in 
Ihe family Rhinoohetidse. This family is represented by but 
a single species, the kagu (Bhinochctus juhatus), of New 
Caledonia. The bird is not unlike a heron in appearance ; 
but Bartlett, who made a careful study ^ of the habits 
of specimens at the Zoological Society’s Gardens, compared 
its quick active movements rather with those of a crane 
than wuth the slow motions of a heron. The anatomy of 
the bird has been chiefly studied by Parker (osteology),* 


• So too apparently in Anthropoides stanleyanus (Parkek, Tr. Z. pi. 
liv. fig. 6). 

• P. Z. 8. 1862, p. 218. 

• * On the Osteology of the Kagu,' ZooU Trans* vi. p. 601. 
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MtJRlE (‘ dermal and visceral structures ’),* and myself 
(syrinx and muscular anatomy).* Others, however, particu- 
larly Fubbringer and Gabrod, have contributed details of 
importance to our knowledge of this bird. 

The potcder-dmcn patches, which were originally dis- 
covered by Bartlett, exist as scattered groups of feathers 
of the kind ; there are not the regular patches found in the 



Fio. 178. — Certain Leo Muscles of Bhtiiocftelm (after BEi>r»ARi*). 


vemitendliuMiui ; ii, ito acccit^fir ; Meuilmembrauontii. 

near ally of Bhinochetus, Menites. The oil gland is present 
but nude. The feathers have an aftershaft. There are 
twelve rectrices. The pterylosis, imperfectly described by 

* * On the Dermal an-i Visceral Structure of the Kagu/ Zooh Trans, vii. 
p. 465. 

^ * Contributions to the Anatomy of the Kagu/ P. Z, 8. 1891, p. 9. See also 
W. Marshall, ^Quelques Obsenrations sur la Splanohnologie de RMno- 
chetus jubalus,' Arch, N^erl, 1870, p. 402. 
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Mxjrie, has been rather more fully dealt with by Fojibes. 
The dorsal tract is double on the neck, and continues so 
until its termination about on a level with the scapulae. 
The posterior portion of the dorsal tract is not continuous 
with the anterior portions ; it terminates with a slight bifur- 
cation anteriorly and is widely dilated mesially. The ventral 
tract is broken into two by the intervention of powder-downs, 
and the pectoral branch is perfectly separated from the 
main tract, a unique feature, save for Mesites. It is the 
scattered powder-downs which are apparently responsible 
for much of the breaking up of the pterylaB of Bhinochetus} 
The Semite nclinosus, '\t^ accessory, the fernoro-cau dal, and 
the amhiens are all present in the kagu. 

As in Psophia and some other birds, the 
semitnidinosus is inserted in common with 
the semitmmhranosus. The relations of the 
last muscles and of the gastrocneviius are 
illustrated in the accompanying figure (fig. 

17H), which will explain itself. Both pero’ 
ncals are present, and have the typical 
arrangement seen when both muscles are 
developed. The deep plantar tendons are as 



shown in the figure (fig. 179). The flexor Yiq. 170.— Dekp 
hallucis supplies the hallux alone, and is 


jtied to the flexor communis by a strong (after Beddakd). 


vinculum before the trifurcation of the 


latter. The mode of insertion of the tensor patagii brevis 
is complicated ; the tendon divides into three branches, 
the two inner of which are prolonged some way beyond the 
tendon of the extensor metacarpi radialis longi, to which 
they are first of all attached. There is a biceps slip} 
The anconmtis longus has a flat tendon of origin from the 
humerus, as well, of course, as its scapular head. A muscle 
apparently peculiar to Bhinochetus (see fig. 180) is what 
has been termed by me an ‘accessory biceps.* This arises 


• In hia paper on Mesites, P. Z, S. 1882, p. 267. 

“ I wrongly asserted the absence of this in my paper upon the anatomy of 
the bird. 



372 STRUCTURE AND CLASSIFICATION OF BIRDS 


from the humerus just below the insertion of the deltoid, 
and is inserted near to the insertion of the biceps. The 
expansor secundariomm is present. 

The syrinx of Bhitwchetns is tracheo-bronchial, and 
presents us with no features of special interest. The 
accompanying drawing (6g. 181) shows its lateral aspect. 
The bronchidesmus is incomplete ; the intrinsic muscles are 
attached to the third bronchial semi-ring. 

The number of cervical vertehne is sixteen. Four of the 



m.i 


Fio. 180. — Muscles or Fore Limb or 
Bhinochetiis (aeteb Bei>daiu>). 

Df D2, deltoid ; JUli^ Ld2^ lAtissiutui doriRi : JBil^ bicc{M 
Mi, mooemiory idoepe ; A, uerve. 




Fio. 181 . Sybinx or 
Bhvnocheim (after 
Beddabo). 


last dorsal vertehrce are ankylosed. Five ribs articulate with 
the sternum. The sternum is unnotched. The skull is 
schizorhinal ; there are no basipterygoid processes. There 
is a partial bony intemasal septum not to be found in the 
cranes. The interorbital septum is more fenestrate than in 
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them. The palatines are abruptly truncated posteriorly, as 
in the herons. ‘ There are small occipital foramina. 

An abnormal member of the crane ^ group is the South 
American seriema, of which it is usually considered that there 
are two genera, Cariama and Chunga, of the family Cariamidfle. 
These birds agree with the cranes 
in possessing an aftershaft and in 
the number of their rectrices 
(twelve). The oil gland y however, 
is nude. In the ptcrylosis (which 
has been described by Nitzsch) 
there is a marked break between 
the posterior forks of the anterior 
section of the dorsal tracts and the 
anterior fork of the posterior sec- 
tion of the same tracts. 

The dorsal tract is single on 
the neck and divides interscapu- 
larly. The posterior parts of the 
ventral tract are formed of two 
row^s about two feathers wide. 

Each joins the outer branch above 
by one row’ of feathers merely. 

The skull (fig. 182) is des- 
mognathous, but the tw’o maxillo- 
palatines, though they come into 
contact in the middle line, are not 
fused. The nasals are appa- ^ 

rontly holorhinal, really schizo- i 82 .-~Skull of Chunga 
rhinal (see p. 144), and there are no Ventral View. (After Beddard.) 

- . , .1 rni- palatine ; 6, supraorbital ridge. 

basipterygoid processes. There are 

fifteen cervical vertebra ; five ribs articulate w’ith the sternum y 
which is one-notched ; it has the spina externa. 

’ Stress has been laid upon this fact and comparison, but a posterior trun- 
cation of the palatines, nearly as marked, is to be seen in Fratercula arctica 
and not in some other auks. 

* The skull is described by Parker, Tr. Linn, Soc. (2), i. p. 128 ; the 
general osteology and to some extent the visceral anatomy by Burubister, 
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The muscle formula of the leg is BXY -f , as in bustards. 
The accessory femoro-caudal muscle (of Chunga) is peculiar 
ill that it becomes reduced in the middle to a thin tendon, 
being muscular at both extremities. Both peroneals are 
present. 

The tensores patagii spring from a single muscle. There 
is no biceps slip, another point of likeness to bustards. The 
brevis tendon spreads out into a broad aponeurosis, but there 
is no patagial fan. The anconmis has a humeral head. 
The intestinal measurements of the two birds are as 
follows : — 

Cariama cristata. Chunga Burmeisteri, 

Small intestines, 83 inches. 38 inches. 

Large intestine, 3 „ 3*5 „ 

Ca?ca, 8*75 „ 8*5 and 10*5 inches. 

The family Psophiidee is represented by the single South 

American genus Psophia, including some four species. 
These birds have the outer aspect of a rail rather than of a 
crane, and Parker has commented upon their ‘ phasianine ’ 
expression of face. Nevertheless their nearest alliance 
seems to be with the crane tribe, and perhaps more 
e8i>ecially with Cariama. 

The has been described and figured by Nitzsch. 

There are apparently ten rectrices (not twelve, as Nitzsch* 
stated), and the oil gland, as in Grus, is tufted. The dorsal 
tract is single on the neck and forms a strong bifurcation 
between the shoulders ; from the two ends of the fork a 
single row of feathers descend and unite to fonii a weakly 
feathered but widish posterior part of the dorsal tract. The 
ventral tract bifurcates early in the neck, and each in the 
pectr)ral region gives oflF a strong band on the outside ; the 
main portion of each tract is continued on to the cloaca by 

‘ Beitrftge z. Natorgesohicbteder Heriema,’ Abhandl not- Qes. Halle, i. (1W54), p. 
17 ; the visoera also bj Oaoow, J. /. O. xxiv. (1876), p. 446, and by Mabtik, 
P. Z. S. 1886, p. 29. See also BEnoARO, ‘ On the Anatomy of Burmeister's 
Cariama,' P. Z. 8. 1889, p. 694, and literature there quoted. 
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a very narrow band of feathers, which is only one feather 
wide to begin with, and afterwards only two feathers wide. 

The temor patagii muscles are distinctly gruine ; the 
biceps slip is present. 

In the hind limb the muscle formula is BXY+,as in 
Cariama and the bustards. 

The syrinXy shown in the accompanying woodcut (fig. 
881), presents no remarkable features. It is quite typically 
tracheo-bronchial, and has, as will be observed, an incom- 
plete bronchidesmus. It has been stated 
(by Trail) that the windpipe communicates 
with an air space, apparently after the fashion 
of the emu. But there is no doubt that this 
statement was based upon some imperfection 
of the example studied. It has been also 
stated that the windpipe in the male is con- 
voluted ; this requires confirmation also. 

The skull of Psophia * is schizognathous 
and holorhinal (fig. 81, p. 143). As Parker 
first obsers^ed, the orbital margin is funiished 
with about five smallish supra-orbital bones, 
a feature which reminds us of certain archaic birds, as the 
tinamous, Arhoricola, and Menura. The lacrymal has a de- 
scending process, which is swollen and nearly comes into 
contact with the ectethmoid. The maxillo-palatines are 
* comparatively large and swollen bones ; as in Cariama 
these bones are convex on the outer side, and not concave — 
as in Gras, There are no occipital foramina. It may be 
remarked that the holorhinal nostrils of this bird show no 
such approach to schizorhiny as is displayed by Chunga, 

From the anterior part of the maxillo-palatines, on a 
level with a point just in front of the commencement of the 
bony nostrils, a stoutish knob of bone ^ projects inwards on 
either side. Of this there are traces in the cranes, parti- 
cularly in Tetrapteryx. If these processes were to be 
increased in size and to meet a bony internasal septum, we 

’ F. E. Brdpabd, ‘ On the Structure of Psophia^' Ac., P. Z. S. 1890, p. 329* 
* Duly referred to by Parker, ‘ Osteology of the Kagu,* Tr, Z* S, vi. p. 607. 



Fio. 183.— g 
OF Psophia 
(^ptcra (after 
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should have the ‘ desmognathous ’ skull of the American 
vultures. 

Psophia has seventeen cervical vcrtehr<By of which the 



last bears a rudimentary rib. Five dorsal vertebrae are 
•ankylosed, there being two free ones behind. The sternum 
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(fig. 184) is entire and unnotched ; eight ribs articulate 
with it. 

The atlas is notched for the odontoid process. From 
the fourteenth cervical vertebra to the third dorsal there are 
blade-like median hypapophyses. In front of the fourteenth 
the catapophyses nearly enclose a canal ; they get further 
apart and die away anteriorly. The following table shows 
the number and character of the hypapophyses in various 
Grues : — 


- i 

CllllUgH ^ 

1 

Cariama 

1 l^dophia 

1 

Rliiuochetus' 

1 

Crus 

Balearica 

C^taiMjphyses 

La«tonCll 

C12 

1 

C13 

i 

1 1 
cn 1 

! __ 

C16 

C16 I 

Hyjiaiiopliyjjes 

C12-D1 1 

1 

CLl-Dl i 

1 CM4-D3 

i C12 D3 ! 

CJ6-C19 

C17-C19 1 


The family Eurypygidfle contains but one genus and 
species, Eurypyga helias, native of South America. It has 
an oil glandyV^hich is generally nude but occasionally tufted, 
and twelve rectrices. Eurypyga, like Bhinochetus and 
Mesitesy has powder-down patches, but their arrangement is 
very diflferent from those of Bhinochetus, Dorsally there is 
on either side of the dorsal tract a compact dense triangular 
patch ; in front it continues over scapula as a band which 
runs on to the sternal surface, and there forms a sparsely 
feathered patch more or less continuous with pectoral tract 
of contour feathers. There are a few scattered powder- 
downs on axilla and along neck. 

The tensor patagii brevis is broad and rather diflFused, 
stronger at the two edges ; it sends off a wristward slip. 
The tensor longus is reinforced by a strong biceps slip. 

The expansor secundariorum is strong and ‘ciconiine.’ 
The anconceus has a humeral attachment. The insertion of 
the deltoid extends halfway down the humerus. I have 
noticed in the pectoralis primus a vertical septum dividing 
the muscle into a right and left half. 

The muscle formula of the hind limb is complete, i.e. 
ABXY-f. The glutceus I. extends well over the biceps. 
Both peroneah are present. 
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The liver is equilobed, with a gall bladder. The intestines 
are 18 inches long, the short caeca (i inch) being 1^ inch 
from cloaca. 

Both carotids are present. 

The skull of the sun bittern has been described ^ and 
figured by Pakker. 

It presents several points of likeness to that of Bhino- 
chetus, notably in tlie ardeine character of the palatines,*-* 
which are cut off squarely behind and are of approximate 
length throughout ; each palatine, moreover, has a fenestra, 
as in Tigrisonia leucolophum (and also in Numenius phceopus 
and A7WUS stolidus). The interorbital septum is widely 
fenestrate ; there are no occipital foramina. As in Psophia 
(q.v,), Bhiuoclietus, and cranes, there is a rudimentary ‘ snag ’ 
from the anterior part of maxillo-palatine. 

The nostrils are schizorhinal, and the curves of the 
various surfaces of the bones are such that if the very 
narrow anterior chink were closed a well-rounded and quite 
typical holorhinal skull would be the result. 

Eurypyga has a one-notched sternum with well-developed 
spina externa. There are eigliteen cervical vertebrae, and 
three dorsals are fused. 

The pelvis is a little less rail-like than in Gnis, Bhino- 
chetus, Psophia, &c., in being wider, and in the more hori- 
zontal plane of ilia, which do not meet. 

Family AptomithidflB.^ — The two species of Aptornis, A. 
defossor and A, otidiformis, from New' Zealand quaternary 
deposits, were originally referred to the Dinornithid®, and 
more lately to the rails. F crbringer has, however, advanced 
certain reasons for relegating them to the neighbourhood of 
Bhimchetus, and I follow him in placing them in the present 
group. The chief reason which persuaded Fukbringer to 
this conclusion was the schizorhinal nostrils, quite evident 

* * On the Osteology of the Kagu,* Tr, Z, S. vol. \i., and ‘ On .Egithogna’ 
thons Birds,’ ibid. vol. x. p. 807, pi. iiv. figs. 7, 8, 9. 

^ See, however, footnote, p. 373. 

* Owen, ‘ On DinomiB,^ pt. xv. Tr. Z, S. vii. p. 353. 
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in Owen’s plates,' and showing the inward curvature so often 
found in the schizorhinal nostril, and quite apparent in Grus 
(though not mBhmocheitis). A special point of resemblance 
to Rhinochetus among the crane-like birds seems to me to 
be in the partial ossification of the nasal septum. The 
solidity, posteriorly at any rate, of the interorbital septum is 
like Fsophia so far as gruine birds are concerned, while the 
spout-like process upwards of the palatines is quite in 
harmony with FuKHiaNOER’s views of the affinities of Ap- 
to mis. The junction of the zygoma with the post-frontal 
process is not crane-like ; it occurs among gallinaceous birds, 
and there is a near approach to it in Otis. 

In the view given by Owen of the under surface of the 
skull is a bone described, though not figured, which ap- 
pears to me to correspond to the desmognathous palate of 
Cariaimi. The union of the bones and their divergence 
posteriorly are precisely like wffiat is to be seen in Cariama. 

Large basiptervgoid processes are present, but Owen 
failed to find upon them an articular surface. 

So that while the outline of the skull of Aptornis is very 
like that of some of the large rails its affinities have been 
probably more correctly diagnosed by Furbringer. 

Besides the Aptomithidae already mentioned other forms 
referable to the Omes have been obtained from Tertiary 
strata. Of these Alctoniis (with a number of species) is placed 
among the Gruidae and Geranopsis of Lydekker. The latter 
is known only by the coracoid, which differs somewhat from 
that of Grus. Lydekker does not admit the genus Palaogms of 
POUTIS. 

The family MesitidaB is represented by the Madagascar 
Mesites, a genus containing but a single species, which has 
be^en investigated anatomically by Milne-Edwards ^ and by 
Forbes.* One of its principal characteristics was originally 

* Loc, cit. pi. xl. figs. 1, 2. 

* ‘ Remarques sur le Genre Mesites^* d:c., Ann. Sci. Nat (6), vii., and in Hist. 
Nat* <k Madagascar. 

* ‘ Description of the PterylosU of Mesites^ cfeo., P. Z, S. 1882, p. 267. 
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discovered by E. Bartlett/ who found and described 
briefly the powder-down patches. 

The bird has sixteen rectrices, and apparently — but there 
is some little doubt about the matter — a nude oil gland. The 
contour feathers have no aftershaft. There are five pairs of 
powder-down patches. The most anterior pair lie in the 
interscapular region, and are enclosed by the dorsal tracts. 
The second pair are upon the rump, the third pair at the 
commencement of the pectoral region ; the fourth pair lie 
also on the ventral region, but posteriorly ; the fifth pair, 
finally, are axillar}^ The number of these pairs is greater 
than in any known bird, and their definition and complete 
separation as distinct patches contrasts with the diffused 
arrangement characteristic of Hhinochctus and Eurypyga. 

There are four apteria on the neck, since both dorsal and 
ventral tracts divide early. The dorsal tracts converge inter- 
scapularly, and then become much feebler, and are continued 
on to the Y-shaped posterior part of the tract. The ventral 
tracts cease altogether at the commencement of the pectoral 
region, but recommence behind the powder-downs. The 
outer branch is present, but is quite unconnected with the 
main stem. 

The muscle formula is complete, ABXY -f . Both carotids 
are present. 

As Furbkinger removed Aptornis from the rails and ^ 
placed it in the present group largely on account of its 
schizorhinal nostrils, it is remarkable that he did not also do 
so with the present bird. The bony nostrils are, in fact, of 
the type that has been termed pseudo-holorhinal. They are 
rounded at their end, but elongated and curved inwards ; they 
are exactly like those of Glareola. 

Mesites is schizognathous, with delicate maxillo-palatines. 
The descending process of the lacrymal abuts upon, but 
does not fuse with, the very stout square ectethmoid. This 
part of the skull, again, is more like Glareola than any gruine 
form ; but it is also like Pterocles and various other birds. 

There are seventeen cervical vertebrce, and four ribs reach 
’ ‘ Remarkii on the Affinities of P. Z. 8. IS77, p. 292, 
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the one-notched sternum. The dorsal vertebrae with com- 
plete ribs are ankylosed. The furcula is quite degenerate. 
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It is clear from the accompanying table that the seven 
families which I here include with the Grues are a tolerably 
divergent series of birds. Yet it does not appear to me 
possible to locate any one of them elsewhere. The bird 
concerning whose position I am most doul)tful is naturally 
Medics. It is placed near the hemipodes among the galli- 
naceous birds by Gadow, and by Fi':uBiiiNGER near the 
hemipodes but among the rails. Sharpe takes the view 
whicli is urgeil here, while Forbes and some other recent 
writers are impressed by its likenesses to Eurypyga and 
Rhinochetus, Forbes, indeed, having associated all three in 
a separate group. There are, unfortunately, so many lacunae 
in our knowledge of this form that a strict comparison is as 
yet hardly possible. Allowing the characters of the deep 
flexor tendons, not mentioned by Furbringer, the agree- 
ments with the Turnioes do not appear to me to be more 
numerous than those with Eurypyga, while the powder- 
down patches are unknown in either rail or gallinaceous 
bird. 

There are difficulties too with other genera of crane-like 
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birds. For Parker the inclusion of Cariama in the present 
group is impossible. Yet I find myself in this matter in 
accord with most recent writers. If Cariama is not allied 
to the cranes, where are we to put it ? The only alternative 
seems to be the rails, which are in any case not far removed 
from the present group. Mitchell has pointed out the 
very close resemblance in the intestinal tract of cranes, rails, 
Cariaina, Otis.o^nA (as yet unpublished) Psophia. Parker, 
on the other hand, has emphasised the likeness between 
Cariama and the Accipitres, a likeness which has even im- 
pressed itself upon their external physiognomy. Forbes 
went so far as to include in the same group with Cariama 
the secretary bird.* It appears to me, in fact, tliat the 
origin of the Accipitres is to be traced to some crane-like form, 
and that the very varied characters of the Orues point to 
their being a basal form connected with more groups than 
one. As is pointed out elsewhere, unless we are to regard 
the Accipitres as here treated as diphyletic, or even triphy- 
letic, we must assume that the Cathartoe and Serpnitarius 
are the most primitive forms whence the typical Falconidte 
have been derived by a loss of two muscles of the leg. In 
these birds the formula BXY or AXY must come before A 
alone. But little change is required to convert Cariama into 
Gypogeranus ; and if it be objected that this is because 
Cariama is an accipitrine, the quite similar skull, so far as 
the desmognathism is concerned, of Aptornis may be pointed 
to ; it will hardly be contended that Aptornis is anything but 
a crane or a rail. Along another line probably the peculiar 
desmognathism of the American vultures may be derived 
from conditions obtaining in the crane group. Parker has 
pointed out the ossification and fusion in the mi(hlle line of 
alinasalsin Cariama ; but in that bird the fused bones, though 
quite analogous with, cannot be the exact homologues of, 
the fusion of bones which has occurred in Cathartes, &c. ; 
for the position is totally different, being much further 
forward in Cariama, There is, however, in Psophia and in 
others of its allies — particularly well developed in Psophia — 
‘ ‘ A raptorial isomorpb of the Cranes ’ i 
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a small snag of bone, already referred to as projecting out- 
wards from the maxillo-palatine in precisely the spot required ; 
if this projection were to grow more extensively, we should 
have a palate exactly like that of Cathartes and Gypagus. 

To consider another quite dijfiferent group of birds, the 
Herodiones, I have urged on another page (p. 441) the low 
position of Platalea among the Herodiones. In more than 
one particular these birds recall the cranes. The occipital 
fontanelles, the complete muscle formula are among these 
characters. Fuiibringer has hinted at, but not accepted, 
the diphyletic origin of the Herodiones ; were it not for Scopus 
and Balceiiiceps, this might be fairly assumed indeed ; and in 
view of this possibility the strongly ardeine character of the 
palatines in Rhinochetus and Eurypyga may be commented 
upori.^ This character, too, is coupled with the existence of 
powder-down patches. 

Though the charadriiform birds form, in my opinion, a 
group distinct from the Gmes, there are many points of simi- 
larity between them. This is practically shown by the fact 
that Gidicnemus has been much bandied about between the 
two groups. The occipital fontanelles, the supra-orbital 
impressions are among the points of likeness. In view of 
these facts the likeness in some matters of the skull of 
Mesites to that of Glarcola is perhaps significant. It is 
^really mainly the form of the intestinal coils as described by 
MiTCHiCLL that leads me to dwell upon the separateness of 
the two groups. But this question is dealt with more fully 
under Limiools (on p. 358). 

As an appendix to the Grues we may perhaps consider the 

STEREORNITHES 

This singular group of birds W'as originally discovered in 
the lower Tertiary strata of Patagonia by the well-known 
palaeontologist Ameohino, Of the several genera assigned 
to the family, many of which are very imperfectly known 

* 8oe, however, p. 37S footnote, where a similar conformation of these bones 
in the ank, Fratercula, is described. 
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and doubtfully referable to the group,' Phororhacos is the 
best known, almost the entire skeleton being now in the 
museum at Buenos Ayres. A convenient summary of Ame- 
GHiNo's work, with criticisms, has lately appeared in the ‘ Ibis,’ * 
by Mr. Andrews, from the whose paper the information here 
has been extracted. When first discovered (the anterior por- 
tion of the lower jaw) the creature was referred to the mam- 
malia. As with the leg bone of the Dmornis its ornithic 
nature was doubted, though the lesson afforded by the 
Dinornis might have tempted naturalists to be bolder than 
was perhaps reasonable in the forties. The bird was formerly 



Fig. 185.— Skull of Phororhacos. Latkeal Aspect. 
(AfTER Akorews.) 


held to be ratite. But Lydekkek, who examined the qua- 
drate, found that, as in carinates, it articulated by two heads 
instead of the one which characterises that bone in the 
ratites.^ 

The skull of Phororhacos longissimns -is two feet in 
length ; the hooked beak has two or three serrations at the 
commencement of the hook, which remind one of the Eocene 
Odontopteryx, in which bird, how^ever (see p. 418), the serra- 
tions extend along the entire length of both jaws. Seen 
from above certain resemblances between this skull and that 
of Phalacrocorax or Plotus will be apparent. Andrews 
thinks that the lacrymal was united with the jugal by a 

* E,g. Brontomis, Dryorms^ Pelecyomis. 

* Jan. 1896. » Except Apteryx. 
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separate bone which exists in Cariama (and of course 
Chun^ga), a bone which is found in other birds, though its 
articulation with the palatines often makes its identification 
with that of the seriema doubtful. 

The ventral surface of the skull is crane-like.^ 

The vertebral column is interesting on account of the 
fact that many of the dorsal and all 
of the caudal s have their centra per- 
forated for the remains of the noto- 
chord. There is no pygostyle. The 
pelvis is remarkably like that of Hes- 
perorniH and the grebes. It has the 
length and narrowness of that limb 
girdle in the birds mentioned. It 
has, however, been more satisfac- 
torily perhaps compared with the 
pelvis of Cariama. The slenderness 
and length of the coracoid, together 
with the aV)sence of a procoracoid, 
prevent a comparison in this particu- 
lar with the ratites. It is typically 




Fia. 180.— Skull of Pho- Fio. 187. — Pklvis of Phororhacos. Dorsal 
rorluicoft. Dorsal -\spect. Aspect. (After Axi)RF.ws.) 

(After Ani»kews.) 


carinate in fact, and show's perhaps special resemblances to 
Cariama. 

The ulna show's w ell-marked tubercles, w hich indicate the 
insertion of the secondaries. Though reduced in size, and 
therefore possibly useless for purposes of flight, it seems 

* See letter from Dr. Gadow, Ibis, Oct. 1896, p. 586, where it is pointed out 
that Sterecmiis is synonymous with Phororhacos^ and that therefore the name 
Stereomithes cannot stand. It is, however, difticult to compose a name out of 
Phororhacos, and it is not proved that the birds in question are definitely 
cranes. I therefore leave the name. 
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likely that the wings of this bird were more efficient than 
those of the ratites on account of the apparently well- 
developed remiges. 


COLYMBI 

Dejinition, — Oil gland tufted. Aftershaft present. Aquinoubital. 
Aooessory semitendinosus absent Biceps slip present. Glutatfus 
maximus large, extending behind acetabulum. Caeca long. 
Skull holorhinal, without basipterygoid processes, sohisogna- 
thous. Tibial crest strongly developed. 

This group of birds contains two very well-marked families, 
the divers (Colymbid®)andthe grebes (Podicipedidap). In view 
of their numerous and important points of similarity I have 
not thought it desirable to separate these two families quite 
so widely as has Gadow, The Colymbidae contain but one 
genus, Colymbus, with four species. Of the grebes there is 
perhaps also only one well-marked genus, PodicApes. But 
the Central American Centropelma (of Sclateu and Salvin) 
has some claims, on account of the complete loss of flight, to 
generic distinction, while in the course of the following pages 
it will be seen that there are certain, if small, reasons for 
distinguishing JEchrnophorus and Tachyhaptes. Podihjinhus, 
another alleged genus, has not been dissected. 

Our knowledge of the anatomy of this group of birds is 
chiefly due to Nitzsch,^ Brandt,* Coues,* Shefeldt,^ and 
myself.* 

As to external characters, there is a close agreement 
among the The number of rectrices in Colyinhm 

glacialis I find to be twenty. Nitzsch gives eighteen to 
twenty for the genus. Specialised rectrices are not recognis- 
able among the grebes. The inferior tract of feathers is 

* Loc, ciL 

* ‘Beitrage z. Kenntnigs d. Nature, d. Vdgel.’ Mem. Ac. St. J^eternh. 1840, 
p. 197. 

» ‘ On the Oateology of Colymbm; etc., Mem. Bost. Hoc. Nat. Hist. I» 1806, 

p. 181. 

* * Concerning the Taxonomy of the N. American Pygopodes,’ <kc., J. Anat* 
Phys. 1892. p. 198. 

» ‘ Notes upon the Anatomy of a Grebe (JEchmjpltorus major),' <kc., P. Z. 8. 
1896, p. 588. 
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divided into two about halfway down the neck ; the two 
tracts are not again divided upon the trunk, where they are 
broad. The spinal tract divides high up on the neck {Podi- 
ceps cristatus) or only between the shoulders {Colymbiis 
glacialis). The anterior part of the spinal tract is stronger 
than the posterior part, and is separated from it ; the latter is 
solid, enclosing no space. 

The patagial tendons of Cohjmbus glacialis are rather 
simple. The tendon of the brevis is a rather broad undivided 
band. There is no patagial fan, but, as in JEclimophorus, a 
d(ilicate tendon arises from the fore arm near the insertion of 
the tensor brevis and ends in the biceps slip. In Cohjmbus 
arcticKs, according to Furbkixgek’s sketch, a broad diffuse 
tendon arises from biceps slip, and ends freely upon the 
patagium. The first description given is from my own dis- 
section of C. glacialis, and agrees with a manuscript note 
of Mr. Fokbes upon C. septentrionaUs. But C, glacialis 
apparently sometimes approaches C. arciicus. I have a manu- 
script sketch by Professor Gakrod showing a broad band of 
fibres arising from the biceps slip, but ending on the fore arm. 

The anconreus has a humeral head. The expansor secun- 
da riorum appears to be absent. The biceps is single-headed. 

The leg myscle formula, in contradistinction to w^hat w’e 
find in the grebes (wiiere it is BX — ), is ABX + . 

There is a peculiarity in the gastrocnemius of C. septen- 
trumalis w'hich is w^orth calling attention to : one of the heads 
of that muscle arises from the tendinous end of the glutaeus 
maxirnus. 

1l]\g fevwrocaudal is tendinous for half its length ; its ac- 
cessory is a very large muscle. The ambiens in Cohjmbus 
glacialis has two heads of origin. 

The combined plantar tendons give off a small slip to the 
hallux in C. septentrionaUs, as in Podicipes minor. 

The divers have tw^o carotids, the more modified (cf. leg 
fonnula) grebes only the left. 

The lobes of the liver in the Colymbi are equal, and there 
is a gall bladder. 

The following are a few intestinal measurements : — 
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Colymbus Heptentrionahs 
„ glacialis 
Podicipes comutus 


K I. 

L. 1. 

CsBca 

Ft. Inn. 

Inches 

liiobes 

8 11 

8-7 

1‘7, 1-8 

5 4 

2 *r> 

2 

2 5 

1-6 

la, 1-6 

2 5 

15 

1-5 


The citca of C, septcntrionalis are conical and saccular in 
form, with irregular but distinct transverse rugie. 

The syrinx in the divers (Colyrnbiis septentriovalis) is not 
in any way remarkable in form. The last tnicheal rings and 



Fio. 188. — Syrinx of Jkhmuplu^vHs. 

», intrinsic nuisclcs. 


Ik.. Syrinx of Tachybaptcs, 

I, intrinsic muscles. 


the first bronchial are ossified and firmly attached to each 
other. The pessulus is also ossified. The succeeding bron- 
chial rings are soft and cartilaginous. The powerful intrinsic 
muscles are inserted partly on to the last tracheal ring and 
partly on to the first bronchial, the line of insertion being 
oblique. 

The syrinx of Mchmaphorus (fig. 188) has a very incom- 
plete bronchidesmus, a very wide space between the two 
bronchi existing above its anterior edge. The last two 
tracheal rings are fused to form a long box, into the compo- 
sition of which it appears to me that the first bronchial semi- 
ring enters. In any case, if that be not so, the first bronchial 
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semi-riDg has the unusual relations shown in the drawing, 
which are perfectly consistent with the belief that the ring is 
the second bronchial. The intrinsic muscles are attached to 
the third tracheal ring in front of the tracheo-bronchial box. 
The bronchial semi-rings are fairly ossified, but have rather 
wide membranous interspaces. 

In Podicijws cristatus there is the same failure of the 
intrinsic syringeal muscles to reach even the end of the 
trachea. A box is formed by fusion at the end of the trachea, 
into which it appears to me the first bronchial semi-ring does 
not enter. The bronchial semi-rings are deeper and closer 
together, and the whole bronchus is more ossified, than in 
the last genus. The bronchi, too, are longer. 

In Podicipes cornu tics the syrinx is much the same, but 
of course smaller. The first free semi-ring of the bronchus 
seems to be No. ‘2. There is a wider membranous interval 
between it and the antecedent tracheo-bronchial box than in 
the last species. 

Tachifbaptes ffuciatilis (fig. 189, p. 888) has a different 
syrinx. The last three tracheal rings are only fused in front, 
though they are closely united laterally. These rings are 
much ossified. The insertion of the intrinsic muscles is 
remarkable. They run obliquely forward, converging, to be 
inserted into the last three tracheal rings. The first bron- 
chial semi-ring is arched, and ossified in front, where it is 
fused with the tracheal box ; otherwise it and the succeeding 
rings are cartilaginous. It is clear, therefore, that the 
syringeal characters justify the generic distinction here 
adopted. 

The cervical vertebrcc are more numerous in the grebes 
than in the divers ; they are only fourteen or fifteen in the 
latter, twenty-one in jEchmophorus and Podicipes corjiit- 
tus. Cervical vertebrae 10 to 16 in JEchmopJiorus * have 
a catapophysial canal ; on 17 and 18 the hypapophyses 
are blade-like and enormous ; these processes extend to 
the very end of the dorsal series. The last cervical and 
the first three dorsals are fused. There is no catapophysial 

* A canal is nearly formed in Podiceps. 
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canal in Colymbus ; but the h 5 rpapophyses are greatly deve- 
loped, and in the dorsal region Y-shaped, with widely diver- 
gent flattened and expanded limbs. None of the dorsal 
vertebrae are fused. Six ribs reach the sternum in the two 
grebes mentioned ; eight or nine in the divers. The atermnn 
is one-notched ; in the grebes it has in addition a median 
triangular notch. There is no anterior spine to the sternum 
in the grebes. The procoracoid is moderately large and 
hooked in the divers, absent in grebes. The pelvis is very 
elongated and compressed, as in Hespevornis, but the ischia 
are not free from the ilia, as in that bird. 

In the skeleton of the leg the most conspicuous feature 
is the highly developed cnemial crest. The patella too is 
very large in the grebes, hut not in Golymbida*, where, indeed, 
it is not ossified. In these particulars the grebes resemble 
Hesperornis. The principal skull characters have been 
already mentioned in the definition of the group. In addition 
to these matters the strongly marked temporal fosste may he 
mentioned, which nearly meet on the upper surface of the 
skull. They are not so well marked in the small l^odicipes 
mhwr. In the divers are strongly marked furrows for the 
supra-orbital glands ; this is not the case with the grebes. 
The former have also a single median occipital foramen 
above the foramen magnum. The ectethmoids exhibit the 
bullate form so characteristic of the Anseres. 

It may be useful to state in a tabular form the principal 
characters of the grebes and divers. ‘ 
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No. of 


Formula 

v^aruiius 

Vfrt. 

i7or». > »*n. 

1 Ollipl. 

UilM 

Grebes 

BX- 

1 

21 

Ankylo»c<i 

4-0 

Divers 

. ABX + 

2 

15 

Not ank. 

8,9 


These characters appear distinctly to point to the more 
modified structure of the grebes. There are reasons (p. 165) 
for regarding a small number of cervical vertebra? and a 


* The extinct ColymhouUs (C\minutm, M.-Ei>. ; C. angiicUH^ Lviiekkeii), of 
which the former ie known by a hnmerus, the latter by a coracoid, and poBsibly 
a piece of sternum, is said to combine the characters of grebes and divers. 
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large number of complete ribs as more archaic characters 
than the reverse ; the other features as evidence of degenera- 
tion require no comment. 

In considering, then, the affinities of the Colymbi the 
Colymbidte are to be chiefly taken into account. But any 
comparisons bristle with difficulties. The late Mr. Fokbes 
in his final scheme of classification definitely associated the 
Colymbi with the Heliornithida? ; in this course I supported 
him by reason of certain muscular characters of both groups 
of birds. The outward appearance, too, of both birds is not 
at variance with such an affinity. The muscular fonnula of 
the leg is the very unusual one of ABX -h . This reduced 
formula is found in Podou and in the Sphenisci, Anatidae, 
Tubinares, Plialacrocorax, and certain Alcid&\ It is to be noted 
that all of these are at least largely aquatic in their habits, a 
fact which must, of course, discount the value of the character ; 
but still ABX is an unusual formula, and there are other 
grounds for regarding the birds mentioned (with the excep- 
tion, perhaps, of the Alcidae) as having some relation to each 
other. The insertion of the biceps slip on to the patagium 
allies Coli/rnbus and Podoa ; though this also occurs in other 
birds, it is, again, in some that are presumably not far from 
the Colymbi : for example, of the forty characters selected 
by Gadow for the comparison of the various groups of birds 
^the Colymbidae agree with the Sphenisci in twenty-eight ; 
with the Tubinares in twenty-seven ; w ith the Steganopodes in 
twenty-six ; with the Anatida* in tw’enty-three ; wuth the 
Heliomithidai in twenty-three. 

On the other hand there are twenty-five points of likeness 
to the Larida, as deduced from the same tables, and no less 
than twenty-nine to the Alom. As might indeed be imagined, 
it would be rash to lay much stress upon the proportions of 
these numbers. It is not to my mind clear with which of 
the groups mentioned the Colymbi are most nearly allied. 
Their undoubted relationship to the Hesperornitbes is treated 
of on another page (p. 395) ; and it is perhaps this very fact 
which prevents us from detecting likenesses to more modern 
(?) groups. 
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HESFERORNITHES 

Definition . — XiarKO extinct birds of a diver-like form. Skull holorhinal, 
with supra-orbital impressions. Vomers paired. Quadrate 
single-headed. Sternum without keel. Shoulder girdle platy- 
ooraooidal ; clavicles fu'ly developed. Fore limb represented by 
humerus only. 

The principal source of information concerning the 
remarkable genus Hesj^erornis, from the Cretaceous of North 
America (to which three species, viz. H. regalia, H. cransipcH^ 
and H. gracilis, are assigned), is naturally the magnificent 
treatise on this bird (and on Ichthyarnis) by Marsh.* 

The bird stood about six feet high, and presented the 
general form of the diver, to which bird it is now held to 
come nearest. Marsh, however, compared it more especially 
with the Stmthiones, and it is spoken of by him and by 
others as an ‘ aquatic ostrich.’ The former view now holds 
the field. 

There are, nevertheless, various struthious features in 
the skull, and in other parts of the skeleton, some of 
which may be held to be due to its loss of the power of 
flight ; others are not so explicable from the point of view of 
our actual knowledge of bird structure. 

The skull has the general contours of that of the diver, 
and, like that bird, has very well-marked furrows for tht^ 
supra-orbital glands. The nasal bones produce a holorhinal 
nostril. The figure given by Marsh of the upper surface of 
the skull is a little suggestive of there having been an ap- 
pearance of the ossified ethmoid on the surface of the skull, 
as in some struthious birds and tinamous. The interorbital 
septum is fairly ossified with a large foramen. The lacrymal 
is large with a large descending process, w^hich nearly, if not 
quite, reaches the jugal bar. The pitting of the premaxil- 
laries led Marsh to the inference that the beak was present, 
in addition to the teeth, w^hich will be presently referred to. 

The skull has been described as * saurognathous,’ on 

* Odontomithes. WaBhingtan, 18S0. 



HESPERORNITHES 


393 


account of the paired vomers. These were, however, not 
particularly like the presumed vomers of the woodpeckers 
(see p. 187). Each bone is broad behind, where it may, as 
in Btruthious birds, have articulated with the pterygoids, and 
tapers in front to almost a point. It is not clear whether 
the bird really had, as Makbh is disposed to infer, a ‘ dromaeo- 
gnathous * palate. In any case the basipterygoid processes 
are present, and the articulations on the pterygoids are 
towards the posterior end of these bones, as in the skull of 
the StrutMones. The palatines are longith bones, and are 
compared to tliose of the ostrich. They taper in front. As 
in most Strnthiones the articular head of the quadrate, for 
articulation with the skull, is not divided into two facets. 
The rami of the lower jaw do not appear to have been 
ankylosed together, but to have been connected by a possibly 
merely chondrified or ligamentous tract, which would have 
allowed a gaping of the mandibles— seen partly in the 
pelican, and obviously useful to a fish-eating bird, as we 
may presume Hcspcror7iis to have been. Both lower and 
ui)per jaws have teeth ^ which are implanted in a continuous 
gro<)ve, widened at the iiiiplantation of each tooth. In the 
upper jaw the teeth are limited to the maxilla^, and there 
were fourteen to each maxilla. The lower jaw had teeth 
along its entire length, and the number given is thirty- 
three. 

The vertebra' are saddle-shaped. The number of cervical 
vertebrae is seventeen. The entire vertebral column con- 
sisted of forty-nine vertebrje. None are ankylosed, except, of 
course, the sacral series, and some at the end of the tail, 
rneumatic openings were not discoverable in any of the 
vertebrae The atlas has not been found. In no vertebra 
do the catapophyses seem to have united to form a ventral 
canal, a state of affairs which is occasionally met with in 
the Struthionei and is characteristic of the Herodiones and 
Steganopodes. The fourteenth cervical is extraordinary by 
reason of the enormous size of the tw^o catapophyses, which 
are approximated and nearly parallel. The following vertebra 
has the first median hypapophysis, which is bifid at the free 
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tip ; the hypapophyses die away on the fourth dorsal 
vertebra. 

With regard to the caudal vertebrae, the most remarkable 
fact is that while there is no pygostyle there is no rudi- 
mentary state of affairs observable ; for the last few vertebrae 
have greatly expanded transverse processes, which would not 
move independently. Marsh thinks that ‘ the end of the tail 
would move mainly as a whole. This would give great 
power, similar to that in the beaver’s tail or the flexible blade 
of an oar.’ 

As to the shoulder girdle, the scapula is in the same 
straight line, or nearly so, with the coracoid ; it belongs, in 
fact, to what Fi rbringp:k has termed the ‘ platycoracoidal ’ 
type, seen also in the StrutMones. But, contrary to what wcj 
find in those birds, there is not a fusion between the cora- 
coids and scapula in Hesperornis, and there is, moreover, a 
complete pair of clavicles. The coracoid has a strong pro- 
coracoidal process, and also a supra-coracoidal foramen, as in 
various Struthiones. 

The two coracoids are widely removed at their articula- 
tion with the sternum. The clavicles, though complete, 
appear to have joined each other ventrally by a joint ; they 
arise from the procoracoid. The sternum, which has articu- 
lar surfaces for five ribs, has no keel. It is notched in the 
middle line posteriorly, and is wider in front than behind. 
The elongated form of the sternum is compared by Marsh 
to that of Vria. The ribs have uncinate processes. 

The fore limb of Hesperornis appears to have consisted 
only of the humerus, as no other bones w^ere discovered, and 
as there were no distal facets for articulation with a radius 
and ulna. 

The pelvis of Hesperornis in its general form resembles 
that of Podicejys, The constituent bones are, however, 
entirely free distally. The acetabulum is closed by bone, a 
state of aflTairs only seen in the emu and to some extent/ in 
Thiamus, 

The ischium has no processes tending upwards to the 
ilium and downw'ards to the pubis, as in Stmthionei. 
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The prepubic process is large, but not larger than in certain 
recent birds, and not so large as in Geococcyx and Tinamus. 

‘ The femur of Hesperorfiis is remarkably short and stout, 
more so than in any known bird, recent or fossil/ The tibia 
has an enormous cnemial crest, as in divers, and the patella 
is a huge bone ; the latter is perforated by a foramen for the 
ambiens muscle. The feet have four toes. 

Nothing is known about the soft parts of this bird, save 
the feathers, which have been lately ‘ stated to be quite 
ostrich-like. But casts of the brain have brought to light 
the interesting fact that it has smaller cerebral hemispheres 
than are found in any existing bird. 

It seems clear that, as D’Arcy Thompson and others have 
argued, the nearest affinities of Hesperornis are with the 
Colymbi. That they are more nearly related to the ratites 
was the opinion of Marsh, The likeness to the ratites, 
however, seems mainly to be based upon the degenerate 
structure of the wings in both. The degeneration of the 
wings, however, has not proceeded along precisely similar 
lines. Although the angle between the scapula and the 
coracoid is nearly as open as in the ratites, the two bones 
have not become ankylosed ; and moreover the clavicles are 
retained. The fact that of the fore limb only the humerus 
remains (at least in an ossified condition) may be compared 
wuth the fact that in the Binornithidie traces of the same 
bone have been met with. On the other hand there are 
more positive likenesses to the Colymbi, which are not so 
clearly due to the immediate action of environment. The 
long and narrow pelvis, and the huge cnemial crest with the 
relatively enormous patella, are among the more salient points 
of resemblance. 

The characters in which the Hesperoiliitlies approach the 
Colymbi are divided betw^een the tw^o families of the latter 
group ; in some points Hesperornis is more of a diver ; in 
others it comes nearer to the grebes. The following table 
of comparison may help to make its ‘ mixed ’ characters 
clear ; — 

' In a letter to Nature, April 8, 1897, by Prof. M.\B8H. 
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Cert\ verL 
Catapoph, canal 
Hcemap. 

Dors. X'ert. fused 
Patella . 

Supro-orbit. groove.^ 


Hi‘8))eruriii]» ' Divers 


17 

0 

With expanded 
ends 
None 
Large 
Large 


14, 15 17--21 

0 


With expanded N ot so expanded ! 
ends at ends | 

None Several ! 

Very small Large i 

Large Not marked i 


With the grebes Hesperornis agrees in only two of the 
characters, and in the remaining four with the divers. It 
presents in fact, as might be expected of so ancient a form, a 
compound of the grebe and the diver. 

We cannot however, in my opinion, put it down defi- 
nitely as the ancestral form whence both divers and grebes 
have branched off ; but it seems to approach that form, 
agreeing as it does in most points with the more generalised 
divers.^ 


SPHENISCI^ 

Definition, — Moderately elsed to large birds, with wings modlBed to 
form a swimming paddle. Aftershaft present. Feathering 
oontinuons. Oil gland tufted. Mussle formula of leg, ABX + . 
No biceps braohii or expansor secundariorum. Two carotids. 
Slcull sohiaognathous, holorhinal, without basipterygoid pro- 
cesses. Dorsal vertebras markedly opisthocoslous. Scapula 
flattened and expanded. Metatarsals short and incompletely 
fused. 

The anatomy of the penguins has been mainly invest!-* 
gated by Menzbier ^ and Watson.^ The group, which is 
entirely antarctic, contains the genera Eudyptes, AptenodijteH, 
Pygosceles, and Spheniscus, 

’ For discussion of the affinities of the HcHi)erorni8 sec, besides Mabhh and 
FrKBBij?OEB and Gaix)w in their large works. Furbiiinoeb, ‘ Uber die syste- 
matische Stellung der Hesperornithidae,' Orn. Mmatsschr, d. dentsch. Ver. z. 
Schuiz, Vbgelt xv. 1S90, p. 488; F. Hklm, ‘ On the Affinities of Hesjm’tmm,' 
Nature, xliii. 1891, p. 868 ; Sbuteujt. ‘On the Affinities of Hesjterornis,' ibid. 
p. 176; D’A W’. Thompson, ‘ On the Systematic Position of Hesperornis,* Stud. 
Mm. Univ. Coll. Dundee, i. 1890. 

* Since Watson’s * Report on the Penguins collected by the Challenger * 
the following papers have a|^»eared : M. Menzbieb, ‘ Vergleichende Osteologie 
der Penguine,* Ac., Bull. Soc. Imp, Nat. Mosc., 1887 ; H. Scrauinsiand, ‘ Zur 
Entwickelung des Pinguins,’ Verh, Oe$, Deutsch. Naturf. Leipzig, 1891, p. 185 ; 
Stcdeb in Zoology of S. M. S. * Gazelle.^ 
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The penguins have a continuous feathering, the feathers 
acquiring upon the paddle-like wing a scaly aspect ; ‘ they 
have an aftershaft. The oil gland is tufted. 

In the myology of the fore limb the most remarkable 
fact is the entire absence of the biceps y a muscle which is 
wanting nowhere else among birds. There are also absent 
the expansor secundarioruniy scapulo-humeralis an terior ^ and 
serratus metapatagialis. The tensor patagii longus is pre- 
sent, and its tendon is inserted on to the whole length of the 
bones of the arm as far as the extremity of the last phalanx. 
The latissimus dorsi is peculiar in that its two parts, ending 
in thin tendons, pass side by side through a pulley arising 
from the scapula. The pectoral is major (of E. chrysocome) 
meets its fellow in the middle line over the carina sterni, as 
in tinamous, &c. In the hind limb the muscle formula is 
ABX + . The semimembranosus is remarkable for the fact 
that it has, besides the usual head of origin, a second from 
the aponeurosis of the abdominal muscles. The accessory 
femororauclal (in E. chrysocome) sends a muscular slip to the 
tendon of the femorocaudal. The tibialis anticus divides in 
Spheniscus mcndiculus into two heads of insertion ; in other 
species its insertion, as is usual with birds, is single. There 
is but one peroneus present, the longus. The deep flexors 
are as in birds with but three well-developed toes, i.e. they 
blend. In S. demersus there is a slip to the hallux ; in 
Pygosceles papua^ as in Heliornis, the flexor hallucis splits 
into three tendons, one for each branch of flexor profundus, 
there being no slip to hallux. The glutaeus maximus is 
absent in Eudyptesy limited in extent in the other genera. 
The amhiens grooves the patella. 

In the vascular system the most remarkable fact is the 
breaking up of the brachial artery into a rete in the arm. 
There are two carotids, which do not fuse. In the leg the 
sciatic artery is practically absent. 

' It is stated that when moulting the scale-like feathers of the wing are 
detached in a continuous piece, as with reptiles (Bartlett, P Z. S. 1879, 

p. 0). 
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The tongue and the roof of the mouth are covered with 
papillae. 

The proventriculus has a patch of glands upon the right 
side, heart-shaped in Eiidyptes chrysocorne and Sphenisctcs 
dernersus ; the gizzard is small and not gizzard-like. In 
Pygosceles the proventrioular gland, however, is zonary, and 
the same state of affairs was found in one of four examples 
of Aptenodytes, 

In Eudyptes chrysocome the gut is thrown into a vast 
number of primitive irregular folds. The duodenal loop is 
excessively complicated, more so than in HaUaetiiSy to which 
it bears some (probably a convergent) resemblance. 

The following are the intestinal measurements of a series 
of species : — 

— Small lilt. Large It) t. Cmoa 

Ft. III. ’ Inches Inches 

Eudlfptes chrysocome , 11 8 (14 ft. 8 in., I 3 f 

23 ft.) 

„ chry&olophu^ . 21 3 (20 ft.) | 3J (3 in.) f 1 

Sphcniscus inagellanicm . 30 6 (19 ft.) '4 1| 

Aptenodytes lonyirostris . 21 8 (17 ft. 10 in.) l| 

From these data, which are extracted from Watson’s 
memoir already referred to, it is clear that there is some 
individual variation in the length of the small intestine 
among the penguins, which is, indeed, greater than anything 
that has been recorded in any other group of birds. That 
the caeca are so small is a curious fact in the structure of a 
fish-eating bird. 

In the liver the right lobe is larger than the left in all 
species. The gall bladder is large and extends a long way 
down the abdominal cavity, as in the toucans. 

The syrinx is not especially divergent in structure. The 
trachea has a septum down the .middle, as in certain 
petrels {q.v.) The intrinsic muscles are attached to the 
tracheal rings a considerable distance above the bifurcation 
of the tube, the distance varying from species to species. 
There is but little fusion between the last rings of the 
trachea. In Eudyptes chrysocome there is a thick fibrous 
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pad at the commencement of the membrana tympaniformis. 
There is a tendency, as in the petrels, to the formation of a 
bronchial syrinx. This is especially well seen in ApUnodytes 
and Pygosceles. In the latter penguin the rings, three or 
four of them, after the bifurcation preserve the character of 
the tracheal rings, being deeper than those which follow, 
and being at the same time complete rings. 

In the penguin’s skull the sutures are not so completely 
closed as in most birds ; in this they resemble the ratites 
among existing birds. 

In Eudyptes chrysocorne^ which may be taken as a type 
of the Splieiusoi, the skull is schizognathous ; the maxillo- 
palatines are thin plates which are curved backwards, as in 
many Passeres and in some other schizognathous birds ; but, 
instead of being flatter upon the ventral and dorsal surfaces, 
they are compressed laterally. These bones gently nip the 
vomer, which is also composed of two flattened rami partially 
separated up to nearly the very anterior end. The palatines 
are large and flat with a very slightly developed internal 
lamina ; they nearly come into contact in the middle line. 
The pterygoids are unique among birds for their relatively 
immense size ; their shape is almost that of the human 
scapula, the wider region being at their junction with the 
palatines. Each pterygoid is perforated at the middle of 
the wider part. The nostrils are holorhinal, and the nasal 
bones at their posterior extremity are seen to overlap the 
frontals. There are strongly marked impressions for the 
supra-orbital glands. The lacrymals reach the jugals, where 
they expand into a flattened foot ; the descending limb of 
each lacrymal, which is flattened out in a plane parallel with 
the long axis of the skull, is there perforated by a very large 
foramen. It is extraordinary that in this bone, as in the 
maxilio-palatines, the plane of the bone is in a different 
direction from that of the same bones in other birds. There 
are no ossified ectethmoids. On either side of the foramen 
magnum are occipital fontanelles of small size. The inter- 
orbital septum is largely vacuolate posteriorly. In front of 
the occipital condyle, in the region occupied by the basi- 
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occipital and the basitemporals, is a hollowed area which 
suggests the impress of the potter’s thumb. The thumb of 
the writer exactly fills it. 

The symphysis of the lower jaws is of unusually limited 
extent.* 

The vertebral column of Sphenisctis Humboldti consists 
of twenty-one vertebrae in front of the sacrum, of which 
fifteen are cervical. The atlas is notched for the odontoid 
process. The catapophyses do not form a canal ; hypapo- 
physes commence on the eleventh cervical and continue to 
the last dorsal but one ; they are large on the twelfth and 
thirteenth ; on the fourteenth they have greatly diminished, 
but there are two large lateral catapophyses which on C15 
form two large flanges (as in the diver) ; these arise from 
one base or Dl, and gradually diminish into a single median 
hypapophysis again. The first dorsal is the first vertebra 
to be opisthocoelous, but it is heterocadous in front. The 
opisthocoelous characters of the dorsal vertebrae of the 
penguins are better marked than in other recent birds in 
which the same structure of vertebra occurs (cf. p. 111). 
In (Edicuemus, for example, some of the dorsal vertebrae are 
opisthocoelous, but the convexity in front is by no means so 
clear as in the penguins. 

The scapula is remarkable for its great breadth posteriorly, 
which narrows towards the neck. In Pygosceles it is wider 
actually as well as relatively than in Sphenisctis, and has a 
truncated extremity ; the same is the case with Eudyptes 
arid Aptenodytes. 

The coracoid also shows some differences. In Spheniscus 
the procoracoid fuses below with the coracoid, leaving an 
oval foramen about half an inch long ; at the sternal end of 
the bone is a short upwardly directed snag of bone. In 
Pygosceles the procoracoid is not fused with the coracoid, 
but it is carried on by ligament to the snag at the base of 
the coracoid — as probably also in Sphenisctis, The aero- 

' Menzbieb describes the quadrate as single-headed. This Is Hot accepted 
by Fubbbimoeb. ^ 
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coracoid in both is very long. The furcida is strong and 
U-shaped. 

The bones of the anterior extremity are extraordinarily 
flattened, in accordance with the paddle-like function of the 
limb. 

The sternum is roughly triangular, with a well-developed 
keel. There are two lateral notches (one on each side), 
which are united distally by cartilage and membrane. There 
is a spina externa, but no spina interna. 

The pelvis, unlike what is found in the majority of birds, 
is remarkable for the fact that the pubes take a share in the 
formation of the acetabulum. The ilia are well separated 
from each other by the neural spines of the dorsal vertebrae. 
The pelvis is thus perfectly free from, not ankylosed to, the 
vertebral column. 

The point of chief interest in the hind limb of this group 
is the imperfect fusion between the short metatarsals, which 
closely resemble those of the dinosaur Ceratosaurus. The 
only recent bird which approaches the penguins in the 
shortness of these bones is Fregata. 

Fossil penguins are the genera Falceeudyptes and Palce- 
spheniscus. The latter, from the Tertiariesof New Zealand, 
was originally described by Huxley,’ and later by Hector. - 
It was a large bird standing some five feet in height, the 
^recent birds not being larger than three feet. The wings 
were proportionately longer than in recent birds, while the 
partly separate metatarsals were as is the case now ; hence 
this latter character is obviously an inherited one in the 
recent penguins. 

The affinities of the penguins are not clear. This is due 
to their antiquity, the existing characters of the group having 
been apparently acquired in the Tertiary period. The main 
facts of structure in which the pengujns differ from other 
birds are — 

(1) Continuous feathering (except Chauna), 

‘ * On a Bird . . . from Kew Zealand,’ Q. J. GeoL Soc. 1859, p. 670 
* * On the Bemains of a Gigantic Fengain,’ Tram, New Zealand Inst 1871, 
p. 841. * Further Notice of Bones of a Fossil Penguin,’ <feo., ibid, 1872, p. 488. 

D T) 
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(2) Scale-like feathering of the flattened wing. 

(3) Absence of biceps brachii muscle. 

(4) Presence of a vascular rete in the wing. 

(5) Freedom of cranial bones (not so marked in Rati tee). 

(7) Large and flattened scapula. 

(8) Short and imperfectly fused metatarsals. 

The opisthocoelous character of the lumbar vertebrse is 
more pronounced than in other birds, but is, as has been 
already said, a character found in many groups. 

These features, some of them, have appeared so important 
to Menzbiek that he has divided birds into four great 
groups — Saururse, Ratitoe, Odontormas Carinata^, and, finally, 
the Eupodomithes or penguins. This, however, seems to be 
a too great separation from other l)irds. Gadow would 
place them nearest to the Tubinares and Steganopodes, the 
Colymbi being only a little further removed. 

STEGANOPODES 

Definition. — AU four toes webbed,' Oil gland tufted; aquinoubital. 
SkuU desmognatbous, holorbinal, without basipterygoid pro* 
oesaes.* Coca present, but small. 

Though this group shows much divergency of structure, 
its naturalness can hardly be doubted. The number of 
rectrices varies. In Phalacrocorax hrasiliensis and graculust 
there are twelve, so also in Fregata aquila and Plotus 
anhinga.^ Phaeton has tw^elve or sixteen. P. carho has four- 
teen. Pelecanus has up to twenty and twenty-four. 

The aftershaft is minute but distinct in Fregata^ appa- 
rently absent in Plotus and other genera. 

The skin is only slightly pneumatic in Fregata, not so at 
all in Plotus. It is distinctly emphysematous in Phaeton* 
Pelecanus. 

' This one feature is sufficient to define the group. 

* Rudiments exist in Pelecantis ; cf. infra, p. 409. 

* P. melanogaster appears to have only ten. 

* Some few details of the structure of the soft parts of this temdike 
steganopod are to be found in Bexndt, ^ Monographia Phaethontum,’ Mem. Ac 
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The tufted oil gland has four orifices in Phalacrocorax 
brasiliensis and in Plotus melanog aster. Phaeton has six, 
the other genera apparently two, save Pelecanus, which has 
the unusually large number of twelve. 

The pterylosis, on the other hand, is very uniform, and 
the feathering is very close. The neck and head are closely 
feathered, and there is a very narrow apterion on the breast. 
The spinal tract has a very limited apterion between the 
shoulder blades. 

The tongue is small in this group, practically obsolete in 
Plotus (see fig. 5, p. 20). The proventricular glands are in two 
large squarish patches in Phalacrocorax {brasiliensis). The 
remarkable modifications of these organs in Plotus are 
described later (p. 414.) 

The gizzard is very small in Pelecanus and Sula, the 
jiroventriculus being enormous. The glands are zonary in 
arrangement. 

The following are measurements of the alimentary tract 
in a series of Steganopodes. The most remarkable fact to be 
noted in the table is the great length of the large intestine 
in Plotus. 




Small 

Intes^tine 

Larpo 

Intestiiu 

Crcca 



Inches 

Inches 

Incli<>8 

Fregata (uiiiila 


36 

3 

•25 

• riialacrocm'ax brasiliensis 


42*75 

3 

•2 

' ,, cai'bo 


111 

4 

•2 

Sula bassana 


57 

2 

•25 

1 Pelecanus onocrotaUis 


93 

3 

1-75 

,, mitratus . 


90 

25 

1-25 

„ rufescens . 


65 

1*5 

1-25 

Plotus anhifiga 


54 

6 

(One cuBCUE 
only in som 





specimens) 

„ Levaillanti 


24 

3 

•2 

„ melanogaster . 


30 

5*5 

•2 ♦ 

: Phaeton .sp. 


42 

•75 

. 2 * 

• These measurements are derived from t 




The varying proportions of the liver lobes ^ are given in 

St. Petersburg, 1840, p. 289 and pi. v., and in a paper by myself, P. Z. S 
1897, p. 288. 

* G. Alix, ‘ Sur I’Anatomie du Pelican,’ Bull. Soc. Zool. Fr. ii. 1877, p. 

D D 2 
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the table on p. 415. The gall bladder appears to be always 
present. 

The tensores patagii ot Fregata^ are somewhat compli- 
cated. The tensor muscle gives off two tendons, of which 
the anterior, the longus, is much the thickest. The latter 
is reinforced by an elastic slip from the deltoid ridge of the 
humerus, whereupon it again divides into two, a branch 
going to fuse with the brevis ; where this branch joins the 
brevis tendon that tendon gives off a wristward slip, and is 
itself continued over on to the ulnar side of the fore arm. 
There is a patagial fan and a bony nodule where it arises 
from the junction of the wristward slip of the brevis and the 
extensor metacarpi radialis. 

In Siila hassana the tendons of the brevis are two from 
the very first ; the anterior one corresponds to the wristward 
slip of Fregata, and from it springs the patagial fan. 

The other genera are not very different, save that in none 
is there an osseous nodule, and that all have a patagial fan. 

The pectoralis I. is double in Fregata, Plotus, Pelecanus^ 
and Sula, variable in Phaeton, single in Phalacrocorax. 

The biceps slip has been occasionally overlooked. It is 
present in Plot us, Phalacrocorax,"^ Phaeton, and Sida.^ It is 
absent in Pelecanus, Fregata. 

Where present, however, it is slender, and is attached 
sometimes to the tensor longus, as ordinarily, and sometimes 
to the patagium itself, as in Colymbus, Podica, &c. The 
deltoid has the scapular slip in Phalacrocorax. 

The expansor secundariorum has been commonly said to 
be absent from the wing of the steganopods. This is not, 
however, at least according to Furbkinger, an accurate 
statement of the case. In an embryo of Phalacrocorax 
carbo unmistakable traces of it were discovered, while in 

287 ; G. L. DmrEBNOY, * Sor la Poche Mandibalaire du Pelican,’ Mem. VInst. iii. 
1886, p. 219. 

* The anatomy of this genus has been described by Buhton in Linn. Trans. 
vol. xiii. p. 1. 

< Not always. Fobbes records its absence in P. brasiUensis, I did not find 
one in P. africanus. 

' * Not alwaya; it is absent in S,fusca (fide Gjirkod). 
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Sula and Pelecanus a slender tendon, running from the arm- 
pit and ending in unstriated (Sula) or striated (Pelecanus) 
fibres for the movement of the secondary feathers, was dis- 
covered. 

The biceps is two-headed in the Steganopodes ; but the 
arrangement differs from what is common among birds. 
Both heads, in fact, arise from the coracoid, but the outer 
one, which corresponds to the humeral head of other birds, is 
also attached to the humerus. The two muscular bellies are 
separate in Pelecanus and Fregata, and their tendons unite 



Fi(i. 190 .— Origin of Bicepr in Pelecanus (Left-hand 
Figure) and Phalacrocorax (after Furbringer). 

wracoid ; C, ooracoidal head of bleeps ; attachment of humeral head ; 

B, its prolonfration to coracoid. 

to divide again directly. In Fregata, indeed, the division of 
the tendon of the coracoidal head takes place before the 
junction. In Phalacrocorax africanus I found the coracoid 
head alone, and it had but one insertion. In Phaeton and 
Phalacrocorax and Sula the tendons of origin of the two 
heads from the coracoid are continuous. In Phalacrocorax 
and Plotus, at any rate, the anconceus has a humeral head. 

The muscles of the leg vary greatly among the Stegano- 
podes. The following are the formulae for the different 
genera : — 

Phaetm AXY - * Pelecanus AX — Phalacrocorax | 

Plotus AX + Sula AX + Fregata A + . 

' Perhaps the ambiens varies. Garrod, Forbes, and I did not find it. 
FijRBRiNGER marks it as present, as does Gadow. 

* ABX P. carlo ? AX P. lugubris, P. hrasiliensis. 
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As regards the other leg muscles Phaeton has quite excep- 
tionally no tendinous loop for the biceps to pass through.* 

The plantar tendons blend in Fregata, &c., sending slips 
to all four toes ; they blend in Phaeton^ but send no branch 
to hallux. In Plotus there is no blending, but a strong 
vinculum, which is attached to flexor perforatus, just as it 
splits up into its three branches. This too is the case with 
Phalacrocorax, but the vinculum is not strong. 

In the pelicans (at any rate in P. rufescens and P, 
mitratus) there is a curious relationship between the femoro- 
caudal and the semitendinosus. The former receives a tendi- 
nous slip not far from its insertion, w^hich runs up from the 
middle of the semitendinosus at right angles to its fibres. 
Whether this may be regarded as a rudiment of the accessory 
semitendinosus or not is uncertain. 

Another peculiarity shared with Biziura lobata, Colijmbus, 
and the extinct Hesperornis is the perforating of the patella 
by the tendon of the ambiens in Phalacrocorax. In Plotus 
there is a groove upon the ossified patella, and, remarks 
Professor (jtAKKOD, ' some of the fibrous ligament overlapping 
this groove shows traces of ossification ; so that in aged birds 
this groove may be converted into a foramen.’ 

Gluiceus I. in the Steganopodes is a small muscle, not 
extending, or hardly extending, over the biceps. Glutmis 
F. is large. In Fregata glutseus I. is absent. « 

The form of the syrinx of the Steganopodes varies con- 
siderably, but in all it is tracheo-bronchial ; intrinsic muscles 
may be present or absent.*^ 

Of Pelecanus I have examined six species, viz. P. mitratus, 
P. onocrotalus, P. rufescens, P. fuscus, P. co7ispic Hiatus, and 
P. crispus. In none are there any intrinsic muscles, and the 
bronchidesmus appears to be complete. 

In P. conspicillatus the organ of voice is very simple. 
The rings are but little modified. There is a bony pessulus, 
which is attached behind to the last two tracheal rings, 

' This peculiarity is, however, to be found in the swifts. 

* The anatomy of PeUcanm rufescens has been described by Owen, P. Z, 
1836, p. 9, by Martin, ibid. p. 16, and by Alix, he. ciL on p. 403, above. 
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which are fused and ossified where they pass into it ; in 
front the last of these and the next following are ossified and 
fused in the middle line ; the middle one of the three is con- 
tinuous with the pessulus. 

P. rnitratus chiefly differs in the larger number of rings with 
which the broad three-way piece comes into contact in front 
and in the greater length of the rnembrana tympaniformis. 

P. f uscus is remarkable for the degree in which the 
syrinx is flattened from before backwards. This is caused 
by the straightening of two of the bronchial semi-rings, 
which thus come, though hardly longer than the others, to 
project out considerably beyond them. At a first glance 
these two semi-rings appear to be the first two of the bron- 
chial series which are commonly among birds different from 
those which follow. There are, however, five pairs of bars 
in front of them, only separated in the middle line in front 
by a furrow ; on slitting up the windpipe it may be observed 
that there is really a septum between them, and that they 
are bronchial. Owdng to the peculiar form of the sixth and 
seventh semi-rings the rnembrana tympaniformis is exposed 
behind, but not in front. 

P. onocrotalus and P. crispiis have syringes which are 
very much alike. When removed from the body, at any 
rate, the bronchi stand out at right angles to the trachea. 

^ This is due to the very large posterior end of the pessulus, 
which is broadened into a bar at right angles to and longer 
than the median portion of the pessulus. It is not ossified. 
There is a slight dilatation of each bronchus, which is carried 
to an excess in the next species. 

In P. rufescem the characters of the syrinx of the last 
species are carried to an extreme. The pessulus is the same 
in shape, but ossified. The bronchi are greatly swollen for 
the space of about an inch, there being occasionally some 
forking and anastomosing of the individual rings. The ends 
of the rings ‘in the swollen region are nearly in contact, being 
separated only by a narrow membranous interval. 

In Fregata aquila the syrinx has a pair of intrinsic 
muscles and the bronchidesmus is incomplete. The syrinx 
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is flattened from before backwards, and the first two bronchial 
semi-rings are very prominent. To the first of them, and 
apparently also to the ring in front, are attached the two 
muscles into which the intrinsic muscle divides. There is 
a membranous gap separating the last of the specialised 
bronchial semi-rings from the first of those which follow% 
whose border, moreover, is concave upwards. The last few 
tracheal rings are ossified and firmly fused. 

Phalacrocorax has a complete bronchidesmus and a single 
pair of intrinsic muscles. The first three bronchial semi- 
rings are very prominent and arched, and to the third of 
these the intrinsic muscles are attached. There is a mem- 
branous gap between the last of these and the first of the 
remaining series of bronchial semi-rings, which forms, at any 
rate in P. carho, quite a pocket. The fourth bronchial semi- 
ring is curved in the same direction as that which precedes 
it ; both, in fact, are convex. The curvature, wdiich is slightly 
more marked in P. hrasiliensis than in either P. carbo or 
P. varius, suggests very much the syrinx of certain auks 
(cf. p. 363). In P. varius the intrinsic muscles are attached 
to the second bronchial semi-ring, as also in P. brasiliensis. 

The syrinx of Plotus does not differ greatly, but it has an 
incomplete bronchidesmus. There are two bronchial semi- 
rings, which are specially increased in length and depth ; 
they are the second and third, and are relatively stouter than 
those of Phalacrocorax ; to the first of them the intrinsic 
muscles are attached. 

The syrinx of Sula is a good deal different from that of 
other steganopods. 

There is no ossification, except in the pessulus. A square 
projection is formed by a fusion between last tracheal rings ; 
this is continuous with the pessulus and is well shown in 
Gahbod’s figure.* The bronchial semi-rings are at first 
feeble with wide interval. Between the third and fourth of 
them there is, covering the insertion of the intrinsic muscle, 
a protuberant pad of elastic tissue about the size and shape 
of a pea. 


' P. Z. S. 1876, pi. xxxviii. fig. 4. 
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In Phaeton flavirostris the syrinx is typically tracheo- 
bronchial and not flattened, as in Fregata. 

The skull ol the Steganopodes^ is desmognathous. It is 
most extremely so in Pelecanus, in correlation, perhaps, with 
the long broad beak. Pelecanus, in fact, may be described 
as doubly desmognathous, for the palatines are not merely 
united but ankylosed behind the posterior nares, which are 
of limited extent. They form but one bone with a deep 
ventral median crest, and on the opposite side an equally 
pronounced dorsal crest, occupying a space left by the here 
deficient interorbital septum. Fregata is nearly at the 
other extreme, for the maxillo-palatines are largely free from 
each other in the middle line, and the palatines are only 
united for a short distance posteriorly. Phaeton ^ is most 
like Fregata, but here there is no fusion between the 
palatines. The strong inferior crest of Pelecanus is repre- 
sented by two feeble ridges of limited extent. Phalacrocorax 
is intermediate. The maxillo-palatines are completely united. 
The palatines are fused for the greater part of their length 
posteriorly ; they are, however, quite flat above and have below 
but a faint trace of the median crest. The interpalatine 
space anteriorly is much more capacious than in Pelecanus. 
Plotus agrees with Phalacrocorax. 

The Steganopodes are generally (Huxley, Furbringee, 
Gadow) said to have no basipterygoid processes. In 
Pelecanus rufescens, however, I find a pair of thorn-like 
outgrowths in the right position (cf. Platalea, p. 439), which 
I take to be the rudiments of these structures. 

The bony nostrils are holorhinal, pervious only in Phaeton, 
in others much obliterated by bony growths, as in Herodiones ; 
in Plotus, indeed, reduced to the merest chinks. As in some 
Herodiones and Tubinares they are continued forward by a 
marked groove which runs to, or near to, the very end of 
the bill, absent only in Phaeton. . In Fregata there is no 

* All the types are described and figured by Brandt, ‘ Zur Osteologie der 
V5gel,’ Mem. Ak. St. Petersb. 1840 (C), iii. p. 81. See also for osteology of 
Plotus and Phaeton Milne-Edwards in Hi.U. Nat. Madagascar. 

* Beodard, * Notes upon the Anatomy of Phaeton' P. Z. S. 1897, p. 288. 
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Fio. 191.— Skull of Fregata. Ventbal 
Abfect. (After Beuuabd.) 

Vo, vomer ; Mxp, maxUlo-palatines ; X, upwardly 
direct€»a part of maxiUo-iMUatines. 


hinge line separating the 
cranium from the face. 
This is present in Pele- 
camis and Phaeton, while 
in Phalacrocorax and 
Plotus the existence of 
fibro-cartilage allows of a 
free motion. 

The lacryrnal in Fre- 
gata iind Pelecanusi^ large, 
with a large descending 
process, which in both 
reaches the jugal bar ; in 
addition Fregata has an 
uncinate bone, which 
reaches the palatine. Of 
this there is apparently a 
rudiment in Phaeton. 

In Phalacrocorax the 
descending process of the 
lacrjunai completely blends 
wdth the ectethmoid to 
form a ring of bone, as in 
the Limicolse. In Plotus 
the same thing occurs, but 
the lacryrnal is much 
smaller. The interorbital 
septum as an ossified 
structure is almost com- 
plete in Pelecanus and 
Fregata, largely deficient 
in Phaeton, almost absent 
in Phalacrocorax and 
Plotus. In Phalacrocorax 
carbo there is a small 
bonelet resting upon the 

lacryrnal ; ' this is also 

’ Ossiculum auirrajugale of Brandt. 
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well developed in Plotus. There are traces of it in Fregata. 
Another peculiarity shared by Phalacrocorax and Plotus is 
a style-like bone ^ attached to the occipital, to which the 
temporal muscles are partly attached. The bone varies in 
size, is not ankylosed to the skull, and is probably to be 
looked upon as an ossification in the septum between the 
two muscles. In these birds also 
the quadrate is peculiar in fonn in 
that the anterior process is short 
and slender and at right angles to 
the rest of the bone. 

Sula is nearest to Phalacroco- 
rcijr. It has the same peculiar 
form of the quadrate bone, and 
the equivalent of the small bone 
seated upon the jugal bone is 
apparently there, though anky- 
losed. The nostrils too are re- 
duced to a mere pinhole, as in 
Plotus, The palatines agree ab- 
solutely with those of Phalacro- 
corax Plotus, but the interor- 
bital septum is not so completely 
vacuolate. It rises up, more- 
• over, in front, as in Pclecanus, 
and a faint crest from the pala- 
tines ascends into the vacuity. Fig. 1112. — Skull of PhaeUm 
The lacrymal is, however, (after Bedbaiid). Lettering 

different ; the orbital part is 

small, but the descending bar is large and joins the jugal ; 
the ectethmoids ajipear to be deficient as bony structures. 

* J. A. Jeffries, ‘ The Osteology of the Cormorant,’ Science, ii. p. 739, iii. 
pp. 69, 274 ; Gill, ‘ Osteology of the Cormorant,^ ibid. iii. p. 404 ; Shufeldt, 
* Remarks upon the Osteology of Ph. bicrisiattis,' ibid. ii. p. 640, and ‘ Osteology 
of the Cormorant,’ ibid. iii. p. 143 ; Dollo, Bull. Mm. Roy. Belg. iii. 1884, p. 
130. This bone (xiphoid, Yabrell; nuchal. Marsh ; intranuchal, Dollo) has 
been wrongly compared with the post-occipitals of dinosaurs. It is merely a 
sesamoid. Lucas, * Description of some Bones of Pallas’s Cormorant {Ph. 
perapicillaius),' P. U. S. Nat. Mus. xii. 1889, p. 88. 
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The lacrymal, as in Pelecanusoxidi Fregatay is deeply notched 
laterally. 

Mivabt, from his investigations into the axial skeleton 
of this group, ^ set aside Phaeton and Fregata by reason of 
their possessing twelve or thirteen cervical vertebrae and 
the doubly notched (on each side) sternum of PhaetoUy 
besides a number of other points. 

There are seventeen cervical vertebra in PelecanuSy 
eighteen in Siilay twenty in Phalacrocorax. 

The atlas vertebra is notched for the reception of the 
odontoid process in perforated in Sula s>nd Plotus ; 

in Phalacrocorax the conditions are intermediate, a perfora- 
tion being only just closed above. 

The Steganopodes have catapophyses upon some of the 
cervical vertebrae which enclose a canal ; in Pclecanus this 
is found on vertebrae 8-15. In Sula the canal may com- 
mence on the same vertebra, but more usuall}^ on the ninth, 
extending to the thirteenth. In Phalacrocorax there are no 
vertebrae with a complete haemal arch formed by union of 
the catapophyses. In Plotus the canal begins on the ninth 
vertebra and extends to the fourteenth. In Phaeton there is 
no canal. The dorsal vertebrae are opisthocoelous in Phala- 
crocorax and PlotuSy not in Sula and Pelecanus. 

In all these genera the sternum is at most only slightly 
notched by one notch only on each side. In Pelecanus the, 
clavicles are ankylosed to its keel. They reach it in PlotuSy 
Phalacrocorax y and Sula, but are only firmly connected by 
ligaments, not ankylosed. In Phaeton the clavicles are 
attached to the keel behind the extremity. 

Both spina externa and interna are wanting in Sula and 
Pelecanus ; the spina externa is present, but small, in Phala- 
crocorax ; contrary to the statement of Fubbringer (in 
his tables) I find a rudimentary spina externa in Plotus 
anhinga. Fregata and Phaeton show their divergence from 
the normal steganopod type by a better developed spina 
extenia, while the latter bird may possess a rudimentary spina 
interna. Four to six ribs reach the sternum. 

* * On the Axial Skeleton of the Pelecanide,' Tr. Z, 8. x. p. 815. 
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The relationship of the clavicles to the scapula and to the 
coracoid, upon which Furbringeb has laid so much stress, 
serves to differentiate some of the Steganopodes. In Plotus 
the clavicle is connected by ligament with the scapula ; this 
connection is nearly 'effected in Phalacrocorax and Sula, but 
not in Pelecanus. In Fregata the dilated end of the clavicle 
is perforated in the middle ; it is, moreover, fused with the 
scapula. 

The genus Plotus (consisting of the four species P. anhinga, 
P. vielanogaster, P. Novcb Hollmulm, and P. Levaillanti) has been 
investigated by Brandt,* Eyton.'-^DonitZj^Garrod,^ Forbes,'^ Pur- 
BRiNGER,® and myself. Many of its characters have been described 
in the foregoing pages. I shall here direct attention to certain 
peculiarities of Plotus which it does not share with the other 
Steganopodes, or which it possesses in a more marked degree than 
its nearest ally, PJuilacrocorax. The darters feed in a peculiar 
manner ; they pursue fishes under water with a jerky action of the 
head and neck. This action, as Mr. Forbes has suggested, may 
be compared to that of a man poising a spear before hurling it. 

‘ Arrived within striking distance,’ continues Mr. Forbes, ‘ the 
darter suddenly transfixes — in fact, bayonets — the fish on the tip of 
its beak with marvellous dexterity, and then immediately comes 
to the surface, where the fish is shaken off the beak by jerking of 
the head and neck, thrown upwards, and swallowed, usually head 
first.’ This mechanical action is associated with a mechanism in 
the neck. 

The first eight vertebra) form a continuous curve forwards, so 
marked that the head when outstretched is in the same straight 
line with the eighth vertebra. This latter vertebra is articulated 
at right angles with the foregoing, and almost at right angles with 
that which follows ; there is thus formed a conspicuous kink in 
the neck, which is never unbent. 

* IjOc. cit (on p. 409.) * Osteologia Ai'ium^ p. 218. 

* ‘ TJeber die Halswirbelsaule der Vogel,* Ac., Arch, /. Anal, u. Phys. 1873, 
p. 367. 

* ‘ Notes on the Anatomy of Plotus anhinga' P. Z, S. 1876, p. 336, and 
‘ Note on Points in the Anatomy of Levaillant’s Darter {Plotus Levaillanti)' ibid. 
1878, p. 679. 

^ ‘ On some Points in the Anatomy of the Indian Darter,’ <jfcc., ibid. 1882, 

p. 208. 

“ ‘Notes on the Anatomy and Osteology of the Indian Darter {Plotus 
melanogaster)' ibid. 1892, p. 291. 
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On the ninth vertebra there is on the dorsal surface a fibrous 
loop (' Donitz’s bridge '), which is fibrous only in P. anhviga, 
ossified in the three other species. Through this loop passes the 
tendon of the longus colli posterior muscle to be inserted on to 
vertebrae 2, 3, 4. The longm colli anterior is a very powerful 
muscle, which ends in a long tendon attached anteriorly to the 



Fio. 193. — Stomach of LevailIant’s Dabter (after Garror). 


haemapophysis of cervical vertebrae 8-10. A separate portion of 
the muscle is similarly attached to the eleventh. 

The pulling back of the head preparatory to striking is effected 
by the longus colli posterior, while the bayonetting movement 
is produced by the longus colli anterior. 

The second characteristic feature in the organisation of Plotus 
concerns the stomach. Though originally described by Macgilli- 
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VRAY in Audubon’s ornithological miscellany, it has been more fully 
described and illustrated by Garrod and Forbes. One great 
peculiarity is that in P. anhinga the proventricular glands, instead 
of forming a patch, or patches, upon the inner surface of the 
proventriculus, constitute a special cascal diverticulum of the 
stomach, which is completely lined by the glands in question. 
The pyloric portion of the stomach forms a well-marked compart- 
ment, quite distinct from the gizzard region ; the opening of the 
pylorus into the duodenum is protected by a dense mat of hair- 
like processes, each of which is about half an inch in length. 
Microscopically these structures ' are much more like true hairs ’ 
than like any filiform papillae which might occur in such places. 
Ju r. Lcvaillanti there is no special compartment for the pyloric 
proventricular glands. The hairs lining the pyloric chamber have 
a more complex arrangement than in P. anhi)i(ja. There is 
(fig. 193) a dense mass of them lining the distal end of the pouch, 
but there is also a singular conical process of the mucous mem- 
brane, covered with more hairs and serving to close the pylorus. 
P. inelanoffasier agrees with the last species, but the plug is less 
developed, being rather a well-defined ridge than a retractile plug. 
Mr. Forbes thinks that this hairy plug of the darters is an 
exaggeration of the nipple-like valve which is found to guard the 
pylorus in many birds. The two Old-World species thus come 
nearer together, as they do in the ossification of Donitz’s bridge, 
than does, either to the New- World P. anhinga. 

Ill order to facilitate a comparison of the several genera 
of Steganopodes among themselves, the annexed table, indi- 
cating the differences in some of the muscles, viscera, and 
bones, may be of use : — 
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R>L 

R2>L 

+ 

15 

20 

Double 

posteriorly 

Free 

Phalaorooorax . 

AX + 

R. 

+ 


+ 

0? 

Absent 

Plotus 

AX + 

0 

+ 

1 

R2>L 

+ 

! 20 

0 ? 

Absent 

Hula . 

AX + 

+ 

+ orO 

2orl 

R>L 

+ 


0 ? 

Absent 


The Steganopodes, though allowed by all to be a natural 
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group, show, as is indicated in the above table, a considerable 
amount of variation among themselves. And, what is even 
more striking, the genera vary more than genera as a rule do 
— for example, the stomach of the darters, the biceps and 
carotid of Sula, and the muscle formula of the leg of Phala- 
crocorax. The accompanying table gives some of the chief 
characters of the several genera. It is interesting to observe 
from this table that there is to some extent a linear 
series to be deduced from the facts of structure. If we 
commence with Phalacrocorax, we may associate with it 
certainly P/o^i^s and also Sula. In these genera the peculiar 
flat and largely fused palatines are associated with the 
muscle formula AX + . Sula offers a slight step in the 
direction of Pelecanus. There is a trace of the dorsal ridge 
of the palatine, and of the anterior vacuity in the interorbital 
septum for the reception of this edge. In Pelecanus these 
characters are fully realised, and at the same time the 
ambiens has vanished. Fregata, which stands apart in the 
structure of its skull, is also unique in the group by reason 
of its muscle formula, which is only A-f . But this genus 
and Pelecanus have lost the biceps slip, present in those 
referred to before, but commencing to disappear in Sula, 

The question is. In what direction has the modification 
gone ? Are vre to start with Phalacrocorax or with Pelecanus, 
or with some other genus ? 

The answ^er to this question naturally depends upon the 
relationship of the Steganopodes to other groups. The group 
to which they are most nearly allied appears to me (as to 
Forbes and others) to be the Tnbinares. In estimating this 
affinity Forbes did not, in my opinion, lay sufficient stress 
upon the ‘ os uncinatum.’ It is true that — as he states — 
this bone appears also to be present in Chung a and in the 
touracos, not to mention other birds ; but in Chunga it is a 
continuation of the descending process of the lacrymal, and 
articulates with the jugal bar, while in Corythaix it articu- 
lates both with ectethmoid and lacrymal, though it ends, as 
in the birds under consideration, on the palatine. In both 
Fregata and Dimnedea this bone connects the lacrymal with 
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the palatine, the lacrymal itself reaching (or nearly so) the 
jugal bar. The palate of Diomedea is remarkably likethat of 
Fregata, vfhich, unlike other Steganopodes (except Phaeton) y 
is not far from being schizognathous, and represents, I am 
disposed to think, the nearest intermediate form. The 
grooves, starting from the nostrils and running towards the 
end of the beak, are also found in the Tabinares (and in the 
Herodiones, with which latter group the Steganopodes share 
the very much reduced, and yet holorhinal, nostrils) . Another 
fact which is perhaps of importance is the much-reduced 
gizzaj'd and the correspondingly enlarged pro vent riculus. 
Less important likenesses are the double pectoral, the short 
colic ca^ca, which are occasionally reduced to one in the 
Steganopodes ; these points ally the group to the Herodiones 
as well as to the Tubinares. The very names Fregata and 
Fregetta, Pelecanus and Pelecaiioides are an expression of 
these views. 

FfiKBiUNGEK, however, and Gadow place Phaeton near- 
est to the base of the steganopod series, and there is much 
to be said for this way of looking at the group. There is no 
doubt that Phaeton is very different from the other genera 
of the group ; indeed, if it were not for Fregata it would be 
difficult to avoid removing it altogether. It is really not 
desmogiiathous (in the sense of Huxley) ; for the maxillo- 
palatiiies do not fuse ; in front of them there is a bony plat- 
'"form, forming the hard palate, but this is produced from 
anterior ingrowths of the maxillte, not homologous with the 
maxillo-palatines, which are present and unfused. The 
vomer, moreover, is well developed and bifid posteriorly, 
being exceedingly like the bifid vomer of such schizognathous 
birds as the grebe, jEchniophorus. In Fregata we have a 
further step. The vomer has coalesced into a single rod ; 
the palatines have united posteriorly ; the os uncinatum, 
rudimentary in Phaeton^ has increased (?), and the grooves 
running from the nostrils to the end of the beak have put in 
an appearance ; furthermore the nostrils, pervious in Phae- 
ton, have acquired the steganopodous imperviousness. The 
maxillo-palatines, however, are not united ; but beneath them 

E E 
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is a slanting wall of bone (cf. fig. 191 X), present in all the 
other Steganopodes, co-existing with and lying below the 
maxillo-palatines, and therefore not comparable to them. 
True maxillo-palatines, indeed, seem to be only present in 
Pelecaiius of the remaining genera of the family, w'here they 
are small apd coalesced. The other genera have only the up- 
w ardly sloping bone of Fregata. The vomer too appears to 
be at the most very small in the higher steganopods, and 
I have not been able to find it. 

All these facts point to the basal position of Phaeton, 
It has, however, in the loss of the ambiens departed from 
the primitive condition. We can derive Fregata from 
Phaeton ; but in this ease the mutual relations of the 
Steganopodes and the Tubinares, and perhaps the Colymbi, 
become somewhat obscured. 

As perhaps an appendix to the present group we may 
Odontopteryx toliapicus of the London clay, known * 
by a portion of a skull. 

Fubbkinger discusses this bird very slightly under the 
Tubinares and Anseres ; both Gadow and Lydekkeu place it 
near the Steganopodes, with which determination I associate 
myself. The most marked peculiarity of this bird, which 
has given to it its name, is the serration into longer and 
shorter teeth of the upper and lower jaw. The two jaws are 
grooved, which seems to indicate that the beak was, as in 
the Steganopodes (and other birds for that matter), divided’ 
into several pieces. On the right-hand side of the skull is a 
small notch, which has been identified with the bony nostril 
of that side. It has, how^ever, in the drawings an accidental 
look, and the fact of the possible obliteration of the nostrils 
must be weighed in discussing the steganopodous affinities 
of the Odontopteryx ; for in many of those birds, especially 
in Sula and Plotus, the nostrils have been practically oblite- 
rated. It does not seem to me that the depressed form of the 
skull, or, so far as we can judge them, the shape of the 
lacrymals, is strong evidence in favour of the steganopodous 

■ Owen, ‘ Description of the Skull of a Dentigerous Bird,’ &o., Q. J. Oeol. 
Soc. 1878, p. 511. 
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relationships of this remarkable fossil ; but the facts are at 
any rate not opposed to that placing. 

Of birds more definitely referred to the Steganopodes a large 
number have been described from Tertiary strata. If Marsh’s 
Graciilavm, from the Cretaceous, really belongs here, the group is 
as old as any existing group, and older than most. Argillornis 
(= Lithornu) of Owen is among the most interesting, inasmuch 
as it is known from fuller remains than others. The skull and 
some long bones have been found in the London clay. It is 
referred to the neighbourhood of the present group by Lydekkek, 
but by Furbrinqer to the Ichthyomithes. 

Actiornia, Pelargornis are placed here by Lydekker, and Fur- 
RUiNGER would include Rcmiornis (considered struthious by 
Gadow) and Chenornis, referred by others to the Anseres. 


HERODIONES 

Definition . — Oil gland feathered.* Aftershaft present.* Aquinoubital. 
Skull desmognathons, holorhinal, without basipterygoid pro- 
cesses. Catapophysial canal nearly always present. Two 
carotids. Ceeoa present, but nearly always rudimentary. Ex- 
pansor seoundariorum present. 


This group of birds is an extensive one, with a con- 
siderable range of structural variation. That the flamingoes 
form a group apart can hardly be doubted, though it is not 
easy to differentiate them by any very important characters 
^from other Herodiones. Less easy is it to distinguish the 
herons from the storks. The extreme types, e.g. Ciconia 
and Cancroma, can be readily distinguished by the muscle 
formula and by the characters of the syrinx, not to mention 
some other points of minor importance ; but between the 
extremes are forms like Abdimia^ Scopus, and Balmiiceps, 
which forbid so sharp a line of division. As to Plioeni- 
copteruSy Weldon was the first ^ to show in a convincing 
way its likenesses to the stork, its previous association with 
the duck tribe having been in large part due to the lamellated 
bill and the webbed feet. As to the latter character, no one 

• Except in Cancroma, * ? except in Leptoptilus argala. 

* ‘ On some Points in the Anatomy of Phamicopterus,' <fec., P. Z, S, 1883, 
p. 638. 
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would nowadays associate the gulls with the ducks for a similar 
reason, though it was, of course, done by the earlier ornitho- 
logists. The duck-like bill of the flamingo is not so exclusively 
anatiform as might be thought ; for a very decided stork, 
Anastomus, has a bill which has very much the same 
structure as regards the lamellte (hence, indeed, its specific 
name — lamelligerus) . 

The typical storks may be distinguished from the typical 
herons by the following table ; — 


I Syrinx 

! C^eca .... 

( Potvder-doirns 
PteryUe 
Pectaralis 1. 

: Cttcullaris dorsocuta- 
! netis 

j Pecioralis abd, . 

Vinculum of deep jli wor 
1 tendons . 

I Ambiens 
I Carotids 


Ciooniida* 


Without intr. muscle <4. 
Trac.heal 

2, small 
0 

Wide 

In two lavers 
0 

0 

Strong; 

+ or 0 
2, separate 


Anlelila* 

With intr. muscles. 
Tracbeo- bronchial 
1, small 

-t 

Narrow 

Sin^de 


Weak or absent 
0 

2, fused 


The set of differences luay be certainly regarded as of 
family value. But it must always be remembered that there 
are tendencies to the heron-like organisation among true 
storks ; while Scopus, and possibly Bala niceps, are distinctly 
intermediate. 


Family ScofidM . — There is one genus only, containing but 
a single species, Scopus uvibretta—Alric&n and from Mada- 
gascar. The anatomy of this stork-like heron has been prin- 
cipally investigated, as regards the ‘ soft parts,’ by myself.’ 

It differs from the true herons by the absence of powder- 
down patches, in having ten primaries instead of eleven, and 
in possessing sixteen cervical vertehree. On the other hand 
it differs from the storks in having an ardeiform — or at 
least a ‘ typical ’ — syrinx, and (from the Plataleidae) in the 

» ‘A Contribution to the Anatomy of Scopus umhretta' P, Z, S. 1H84, 
p. 648. 
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absence of a biceps slip to the patagium. Its leg muscle 
formula too is that of a heron. Besides these facts-- 



Fio. 194. Sybinx of Scopus (afthi 
Bkodaud). a. Fuont Vikw. b. Su e 
View. 



II 

Fki. 195. — Deep Plantar Tendons 
OF Scopus (after Beddard). 

J-'/Jt. rtexor lialliK-is ; /'Y.//, flexor profuudus. 


which incline to both tlie stork and the heron side, and 
which, perhaps, are the most important of such facts — it 
may be mentioned that Scopus shows a stork-like character 
in the partial division of the pectoral is priuius, 
a fact which was first pointed out by Forbes 
incidentally, in his report upon the petrels 
collected during the voyage of the ‘ Chal- 
lenger.’ The pa tagial muscles and tendons 
are not specially distinctive of the affinities 
of the bird. In my dissection of Scopus I 
could not find the expansor secundarioruyn ; 
but as this muscle is found in most of the 
Herodiones its absence is not in any way sig- 
nificant, though it should doubtless be Plantar Tendons 
verified. The anconceus has a tendinous slip b^edi^^. 
to the humerus. The deep plantar tendons 
appear to vary somewhat; in two specimens dissected by 
myself I met with the two conditions illustrated in the two 
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figures annexed. In the one the flexor halJucis was nnited 
to the flexor communis by two distinct vincula, one before 
the trifurcation of the latter tendon, the other attached to 
the tendon supplying digit II. In a specimen of Ciconia 
nigra dissected by Forbes there was an identical arrange- 
ment. In the other Scopus (see fig. 195) only the last of 
the two vincula w^as present, /.r. that passing to tendon of 
digit II. 

For theskeletonof Scopus see Milne-Edwards’s account.* 
The skull is on the whole more 
stork-like than heron-like, but it does 
not show any of the extreme modifi- 
cations of the stork tj^e. The bony 
interorbital septum, as in the storks, is 
not largely fenestrate. The inner 
lamina of the palatines does not reach 
the posterior boundary of those bones. 
In front, at about the middle of the 
intei*palatine vacuity, the palatines are 
produced into a short lateral process ; 
this is well marked in many storks, 
but also in Caiicroma, to the skull of 
which heron that of Scopus shows 
Fio. 197 .~Syrinx of another point of likeness ; in both 
(AFTER these birds a deepish groove runs from 
the end of the nostril to the end of the 
bill. This groove is also found, though it is not so con- 
spicuous, in Ardca and Butorides, and (among storks only) 
in Platalea ; it is suggestive of a recently closed, more 
elongated nostril, like that of the cranes. The procoracoid 
is more rudimentary than in storks, but the coracoids overlap 
at insertion. 

Family CiconiidflB. — I include in this family not only the 
true storks but also the wood ibises (Tantalus). Garrod'-^ 

' Histoire Naiurcllc, <tc., dc Madagascar, * Oiseaux,’ p. 514. 

* F. E. Beddarp, ‘ Notes ou the Convoluted Trachea of a Curassow (No- 
tJiocrax vrumutum), and on the Syrinx in certain Storks,* P. Z. S. 1885, p. 821. 
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contrasted Ibis and Platalea on the one hand with Ciconia 
and Tantalus on the other, on account of the following 
differences : — 

Ibis and Platalea Ciconia and Tantalus 

Skull schizorhinal, angle of man- Skull holorhinal, angle of mandible 

dible produced. truncated. 

Pectoralis major single. Vectoralis double. 

Accessory fomorocaudal present. Accessory femorocaudal absent. 

Semitendinosus muscular through- Semitendinosus tendinous for 
«ut. distal half. 

Biceps slip present. Biceps slip absent. 

To which I add the form of the syrinx. These collec- 
tively appear to me to justify this separation. The true 



Fio. 198. — Syiunx of Disstira Iio. 199.— Syuinx of Ahdimia sphcno- 
ejnscopus (afteu Bedi>aui>). rJiifiicha (after Beddard). 

storks, including Tantalus, are well characterised by the 
peculiar structure of the trachea and syrinx, there being, as 
already mentioned, an approach in these birds to the purely 
tracheal syrinx of the tracheophone Passeres. In the 
common black stork, ( 7 . nigra, the syrinx has the form illus- 
trated in the figure (fig. 197). Its principal features are the 
absence of intrinsic muscles, the modification of the last 
tracheal rings, the existence of a rudimentary vocal process 
(see p. 69), and the closed character of the bronchial rings, 
which are rings, not semi-rings, the membrana tympani- 
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formis being absent. In XenorJiynchus senegalensis^ how- 
ever (fig. 2(X)), there is some approach to the more typical 
tracheo-bronchial syrinx, which is further developed in 
Abdimia sphenorhyncha and Dissura episcopus;^ the 
syringes of these two storks are illustrated herewith (figs. 199, 



Fig. 200. — Sybixx of Xenorhytichua senegalemis (after Beodaro). 

198). In the former as well as in the latter the intrinsic 
muscles are still absent, and there is a considerable modifi- 
cation of the last tracheal rings ; but in both there is a 
partial deficiency of cartilage where the membrana tympani- 
formis is developed in other birds. In Xenorhynchus this 

’ F. E. Bepdabi>, ‘ A Note upon Dissura episcopus^^ 4ro., P. Z. S* 1896, p. 281^ 
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is but slight ; in Abdimia and Dissura episcopus it is well 
shown. But the latter bird has the complete bronchidesmus 
which marks the ciconiine as contrasted with the ardeine 
syrinx (cf. figs. 194 and 198). In Mijcteria americana the 
bronchial rings are complete, but thinner internally, which 
is a hint of the otherwise absent membrana tympaniformis. 
The genus Tantalus is unique among the Ciconiidae in 
having a convoluted trachea. This, however, is now known 
to occur only in the male of T. ibis ; in both sexes of T 
loculator the trachea is unconvoluted.* Iii the former bird 
the tube makes several intrathoracic loops, as shown in the 
figure (fig. 201). The syrinx is essentially stork-like. 

Ill most storks the muscle formula of the leg is AXY -(- ; ^ 
the only exceptions to this yet known are Xenorhynchus 
sevegalensis^ Dissura episcopus, imA Abdimia sphenorhy7icha^ 
where the ambiens is absent, and Leptoptilus crumeni- 
ferns and argala^ where there is no femorocaudal. The 
tendency to an ardeine structure in the syrinx of these 
birds has already been remarked upon, and may possibly be 
correlated with the absence of the ambiens. Storks have 
no biceps slip, but a typical expansor secundariorum. The 
humeral head of the ancomeus is generally present. The 
patagial tendons are usually of a somewhat complicated 
form. 

^ The tensor patagii brevis is constituted upon a similar 
plan in all storks, though there are naturally some little 
differences in detail. 

In Leptoptilus, according to Weldon,^ there is but one 
tendon which, widening out just before its insertion on to 
the fore arm, gives off a recurrent slip to the tendon of the 
longus. 

In Ciconia nigra, according to FfiiBiiiNOEii, the tendons 

* * On the Trachea of Tantalus,"* &c,, P. Z. S. 1878, p. 625 ; ‘ On the Form 
of the Trachea in certain Species of Storks and Spoonbills,’ ibid. 1875, p. 297. 

* A. H. Gaerod, ‘ Note on an Anatomical Peculiarity in certain Storks,’ 
ibid. 1877, p. 711. In a specimen of Xenorhynchus australis a few fibres corre- 
sponding to the accessory femorocaudal were found. 

* Loc. cit. (on p, 419). 
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are a little more complicated. The tendon of the brevis is 
obscurely divided into two from nearly its commencement ; 
the more anterior of these again divides into two, one of which 
runs forward to be inserted on to the fore arm separately 
from the hinder part, which remains continuous with the rest 
of the tendon ; there is a recurrent slip to longus. 

In Abdimia the tendons are much the same ; in both 
these genera the propatagialis pectoralis of Fuiibringer is 
muscular. 

In Tantalus leucocephalus the broad fascia-like tendon of 
the brevis gives off a wristward slip, from the junction of 
which wuth tendon of extensor niatacarpi radialis a patagial 
fan arises. 

The pterylosis of the Ciconiidje has been studied by 
Nitzsch. The neck is continuously feathered down to 
about the middle, where the spinal and ventral tracts 
respectively become divided into two. The two spinal 
tracts are narrow but strongly feathered, and cease abruptly 
at about the end of the scapula ; after a short space they 
recommence as a bifid but feebly feathered tract, the limbs 
of which unite a little way in front of the oil gland. The 
ventral tracts are broad upon the pectoral region but nairow 
towards the vent. 

In Pseudotantalus leucocephalus Nitzsch could not find 
4;he aftershaft, but nevertheless one appears to exist. 

In Mycteria and Leptoptilus argala the dorsal tract has 
posteriorly no spinal space. 

In L. argala Nitzsch states the aftershaft to be absent. 

The oil gland has two apertures on each side in Ciconia 
alba, five in C. nigra ; L, argala has no less than six. 
Anastomiis coromandelicm has three ; Tantalus leucocephalus 
has the same number. 

The deep flexor tendons of the Ciconiidse are constructed 
on the plan of type I. In Tantalus leucocephalus there is a 
slight variation ; a small vinculum runs to flexor communis 
before the latter divides into three, and then a broader vincu- 
lum, chiefly going to tendon of digit II., but also slightly 
to III. and IV., binds together the two tendons. In C- 
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nigra there is the ordinary vinculum and a special slip to 
digit II. 

The lungs in the Ciconiidse are at least often distinguish- 
able from those of the Ardeidae by the great deficiency of the 
muscles arising from the ribs and attached to the pulmonary 
aponeurosis. In Cancroma there were four pairs of such 
muscles, arising from a corresponding number of ribs, in 
Nycticorax five ; but in Ciconia alba I only found one 
pair inserted on to the aponeurosis in front of the septum 
bounding the anterior intermediate air sac anteriorly. Pro- 
fessor Weldon found no such muscles in a considerable 
number of storks. 

The tongue is always small. The proventriculus is 
zonary. The liver is nearly equilobed, and there is always 
a gall bladder. The intestinal measurements of a number of 
species are as follows : — 


- 


b. 1. 


L. 1. 

( . 



Ft. In. 


Inrht^s 

Inches 

Ciconia nigra . 


4-9 


3 

•5 

„ atoa 


3 6 


2 

•5 

„ vuiguari 



7-(> 


•2 

„ boyciana 


5 7 



•3 

Dissura epmcopus 


3 3 


25 

•3 

Abdimia sphenorhymhus . 


2 (j 


8*5 

•15 

Myctcria atnericana . 


(•> 4 


4 

•25 

Xenorhynchus australis . 


5 


3-5 

•25 

„ sencgaletisis 


55 


5 

•4 

Leptoptihis crumeniferus . 



H'o 


•25 

„ argala 



Cr5 


•25 

Tantalus ibis . 



5 



„ loculator . 


6-6 


2 

•5 


The number of cervical vertebrce is seventeen (Lepto^ 
ptilus, Tantalus) or eighteen (Xenorhynchus) ; the hypapo- 
physes are feeble ; there is a ventral canal formed by 
union of catapophyses of C7-Cil {Xenorhynchus) , C7~C12 
{Tantalus), Four ribs reach the sternum in Xenorhynchus^ 
five in the others. The sternum has one pair of notches, and 
the spina externa is absent or small. The procoracoid is of 
fair size, but does not reach the clavicle ; the coracoids meet 
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at their sternal insertion in Leptoptilus.^ The hypoclei- 
dium articulates with carina stemi. The skull is desmogna- 
thous, holorhinal,‘and without basipterygoid processes ; there 
are in Tantalus rudiments of these processes in the shape of 
a minute spine. The holorhinal character of the nostrils is 
largely marked by ossifications of the alinasals ; the nostrils 
are thus much reduced in size, in a fashion suggestive of the 
Steganopodes and possibly significant, but there is no bony 
septum between them. This distinguishes the storks from 
the herons, as does also the form of the palatines. These 
bones are in the first place not cut off at right angles behind, 
as in the herons, while the internal lamina only bounds the 
interparietal space, and is at most (Xenorhynchm) carried 
back to tlie end of the bones as a slight median keel. This 
is absent in other storks. In Xenorhynchus and Leptoptilus 
the palatines again approach each other, and are only sepa- 
rated by the vomers just behind the maxillo-palatines. Oppo- 
site to this point each palatine is produced into a strong 
outwardly directed snag, large in Xenorhynchus, hardly indi- 
cated in other storks. The interorbital septum ’is entire. 
The large lacrynial is perforated or deeply notched for duct 
of gland. 

Family Ardeidse. — The herons contrast with the storks in 
(1) the tracheo-bronchial syrinx always furnished with a 
•pair of intrinsic muscles, (2) non-division oipectoralis primus 
into two layers, (3) invariable absence of ambiens, (4) pre- 
sence of powder-down patches, (5) absence or weakness of 
vinculum, (()) presence of a single csecum only. 

On the other hand the two families agree in (1) absence 
of biceps slip to patagium, (2) presence of expansor secun- 
dariorum, in addition, of course, to the points enumerated in 
the definition of the group. 

In Cancroma the oil gland is .nude. The herons have 
four or six powder-dotim tracts. Six are found in Cancroma, 
Butorides atricapillus, Ardea cocoi, and other species; 

’ Not in Xenorhynchm and Dissura ; there is a trace of an overlap in 
Abdimia^ Tantalus, Platalea. 
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four in Ar delta and Botaurus, The number of rectrices differs 
much ; there are only eight in Ardetta exilis and A. involucris^ 
ten in Botaurus (not invariably), twelve in Ardea cocoi and 
CaMToma cochlearia. 

The pterylosis differs from that of the storks by the 
narrowness of the tracts. The spinal space begins with the 
commencement of the neck, and only terminates a little way 
in front of the tufted oil gland. The anterior part of the 
spinal tract is not always more strongly feathered than the 
posterior part, and there is (according to the figures of 
Nitzsch) hardly a break between them. The ventral tracts 
also are separate early on the neck. In Cancrorna they divide 
on the breast into a broader, stronger outer tract, which ceases 
just below the metapatagium, and a narrow inner tract. The 
anterior ventral powder-down patches constantly interrupt 
the continuity of the anterior and posterior sections of the 
ventral tracts. 
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Ardetta mvnlucris . 
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Nycticorax caledonicus 

40 
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„ violae£US . 
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Tigrisoma hrasiliense 

33 


3 

•14 

Cancroma cochlearia 

33 


3 

•15 

Botaurus stellaris 

51 


4 

•15 


A curious absence of any apparent relationship between 
the relative length of the sections of the alimentary canal, 
and of the alimentary canal as a whole, and of the food, is 
shown by the above table, drawn up by Mr. Garrod, 
which I reproduce here from his notes. 

They seem, however, to ally the last four genera, which 
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have a long large intestine. As a rule the left lobe of the 
liver is the smaller, while in the storks the lobes are equal. 
A gall bladder is always present except mBotauras stellar in. 
The caecum is single, and, as will be seen from above 
measurements, rudimentary. 

The carotids are, as a rule, two, and separate ; but in 
Botaurus they fuse, and in Ardetta involucris the right only 
is present. 

Of the leg muscles the amhiens is always absent, and the 
formula is typically AXY — . The femorocaadal is never 
strong, and is particularly slender in Ardea Goliath} In A, 
sumatrana, A. ludoviciana, Nycticorax Gardeni, Cancroma, 
cochlearia, and Tigrisoma brasiliense it is totally absent. 

The deep plantar tendons are characteristic; there is 
almost always a very slender vinculum between the two, 
which is totally wanting in Botaurus stellaris, Ardetta 
involucris^ and A. exilis. 

The tensores patagii are stork-like. The tendon of the 
brevis bifurcates, and from the point where the anterior 
limb is inserted on to tendon of extensor of fore arm a 
recurrent slip is given oflf to longus. This arrangement 
holds good for Ardea purpureay A, GoUathy Cancroma 
cochleariay and Nycticorax griscus ; but in Cancronui the 
recurrent slip is sometimes absent. The pectoralis abdomi- 
nalis is present, and thus serves to differentiate them from 
*the storks, ibises, and spoonbills, in which the muscle is 
absent. 

The shidl of the Ardeidae has been chiefly studied by 
Shufeldt.^ In the more normal forms {a.g, Ardea cinereay 
Butorides cyanurus) the skull is holorhinal, the holorhiny 
not being obscured — as it is often among the storks — by 
the irregular ossification of alinasals. The vomer is well 
developed, much compressed laterally, and largely double. 
The maxillo-palatines are spongy bones, largely free 
from each other posteriorly. The palatines (see fig. 202) 

’ Sometimes absent in this species. 

* ‘ Osteological Studies of the Subfamily Ardeinie,’ Jctmx. Camj), Med. and 
Stirg. 1889. 
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are very straight bones, usually cut very squarely behind, 
but notched postero-laterally in Ardea buhulcus, A. minuta, 
A, comata, with well-marked internal laminae, which extend 
quite to the posterior end of the bone. The interorbital 
septum is largely fenestrate. The bony ectethmoids are but 

little developed ; Cancroma is in 
several ways rather anomalous. It 
is heron-like in the fenestrated in- 
terorbital septum, and in the fact 
that the internal lamina of each 
palatine is continuous to the posterior 
end of that bone. The nostrils are 
continued forw’ard by a deeper groove 
than that which is fonned in the more 
normal herons —a point of likeness 
this to Scopus and Balceniceps {qq.v.) 
The very broad palatines join the 
vomer again in front of their posterior 
junction with each other, thus divid- 
ing the interpalatine vacuity into two 
areas. It is thus to a cei^tain degree 
‘ doubly desmognathous,’ and is so 
far like Xenorhynchus (see p. 429). 
There is a well-marked lateral process 
of the palatines, as in Scopus and 
storks. 

As in Scopus the procoracoid 
is very small and the coracoids overlap 
each other at their insertion. Like 
the storks, and unlike Scopus, the 
hypocleidium articulates with the end 
of the Carina stemi. The hypocleidium, moreover, projects 
backwards between the two clavicles as a narrowish piece. 

The hsemapophyses of the cervical and dorsal vertebrce 
are small, those of the latter being sometimes quite absent. 
There is a catapophysial canal (in Cancroma as well as 
Ardea), formed in the two types mentioned by cervical 
vertebrae 7-12. 



Fio. 202. — Ventral Sur- 
face or Skull or Ardea 
cinerea (after Huxley). 

iiterj'goids ; PI, fialatineii ; Vo, 
vomer ; Mxp, ma.xillo-pttlatines. 
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Familij Baleenicepid®. — The great ‘ whale head ’ of Africa, 
BalcBniceps rex, requires further study before its exact 
position can be determined. It is admittedly a member of 
the present group, though its original describer, Gould, 
regarded it as a pelican.^ We know the skeleton through the 
labours of Parker,^ while our at present scanty know- 




Fio. 203. “Syrinx of BaUeniceps. Fio. 204. — The Same. Back View. 
Front View. (After Beddard.) (After Beddard.) 

• b, free margiu of bronohidesinus. 

ledge of the soft parts is due to myself.^ Its powder-down 
patches were discovered by Bartlett."* As in the herons 
also the right lobe of the liver is the largest, and the caecum 
is single. The syrinx (see figs. 203-205) is ardeine inform, but 
lacks the intrinsic muscles. These, however, are not en- 

' Not a serious mistake in view of the admitted relationships between the 

Steganopodei and Herodiones. 

* ‘On the Osteology of Balcmiceps rex, Trans, Zool. Soc. iv. p. 269 
(abstr. in P. Z, S. 1860, p. 324). 

* * On certain Points in the Visceral Anatomy of BaUzniceps bearing upon 
its Affinities,’ P. Z. S, 1888, p. 284. 

* ‘ On the Affinities of Balceniceps,^ ibid. 1861, p. 131. See also Rein- 
hardt, ‘ On the Affinities of BaUsniceps,* ibid, 1860, p. 377, and Giebel, ‘ Ueber 
Balceniceps re®,’ Zeitschr, /. d. ges. Nat Ixi. 1873, p. 350. 


F F 
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tirely absent ; their former presence is indicated by a narrow 
ligament on each side (fig. 42, p. 62), which occupies the place 
that a muscle should, and is attached precisely where the 
intrinsic muscles are attached in other Ardeidae. The mem- 
brana tympaniformis is well formed, the bronchi desmus is 
incomplete, while the general form of the organ is purely 
tracheo-bronchial and thoroughly ardeine. This will be 
apparent from the annexed woodcuts. 

‘ The nearest relations of Baheniceps,' said Parker, * are 
the South American boatbill {Can- 
croma cochlea ria) and the little 
South African umbre {Scopus U7n- 
hretta)' The interorbital septum is 
stork-like in its completeness. The 
lacrymal, as in Scopus alone among 
Herodiones, reaches as far down as 
the quadrate jugal bar, but it is fused 
anteriorly with the walls of the 
skull. The nostrils are continued 
forward by a groove precisely like 
that of Scopus and Ca^icroma, In 
the palatine bones the fusion of the 
internal laminae to form a median 
keel behind the interparietal space 
is precisely like Scopus ; so, too, is 
the lateral angle of these bones (see p. 422). There is a firna 
synostosis between the furcula and the carina stemi. 

Cervical vertebrae 7-13 have, as in most other Herodiones 
(excluding, however, the supposed ally of Balceniceps, Scopus), 
a ventral catapophysial canal. 

The family Plataleidas includes not only the spoonbills 
but the ibises. The name Hemiglottides was applied by 
Nitzsch to the group ‘on account of the surprising small- 
ness of their tongues.’ 

The pterylmis is exactly as in the storks.^ The rectrices 

* According to Nitzsch It appeared to me (in Platalea rosea) to be more 
like that of Tantalus loculator, in that the hinder part of the spinal tract was 
not bifid, but continuously though sparsely feathered. 



'“Whit. — 





Fig. 205 .— Sybikx of Bakp- 
niceps^ abranoed to display 
Pessclus and Membrana 
Tympaniformis (after Bed- 
dard). 
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are twelve. The oil gland of Platalea leucorodia has three 
distinct orifices on each half, that of Ibis only one. The 
long downwardly bent bill of the ibises distinguishes them 
from the storks and suggests Nurnenius. Nitzsch, indeed, 
regarded the birds as intermediate between the two groups 
rtipresented by these types. 

The tensores patagii have always a biceps slip running to 
the tendon of the longus, and there is a patagial fan. 

In Ibis cethiopica the tendon of the tensor brevis is 
simple and rather diffuse. In Endocivius ruber and G. mela- 
nojyis the tendon gives off a distinct wristward slip, while the 
patagial fan is formed of two rather separate strands, with 
the posterior of which, rather high up, the wristward slip 
fuses in Gcronticus melanopis. 

In Platalea the muscle and its tendons are much the 
same, but the brevis is very broad and fascia- like. 

The muscle formula of the leg is complete (i.c. ABXY + ) 
in all Plataleidae. 

The plantar tendons are connected by a vinculum which 
in Eudocimus ruber extends on to the special slip to digit II. 
By the division of this vinculum may have arisen the two 
vincula of Ciconia nigra (see above, p. 427). 

The liver is equilobed (J. (vthiopica), or the right is a 
little larger {E. ruber). A gall bladder is present. The 


following are intestinal measurements : — 

S. I. ! L. 1. 

E ndocimus ruber . . . 31 1 l‘C 

•25 

: Teniminckii 

62 

•35 

Plegadis falcinellus . 

42 

•25 

Ibis (Bthiopica . 

40 

•12 

' ,, strictipennis 

36 

•2 

Platalea leucorodia . 

70 

•12 

1 ,. ajaja . 

52 



The intestinal convolutions of Platalea leucorodia are 
shown in fig. 207. The greater part of the gut has preserved 

' Hunter, in Essays and Observations (ed. Owen, London), 1861 , writes of 
this species : * The caeca are about four inches long and very small, attached to 
the ileum their whole length.’ 
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the primitive arrangement. The duodenal loop is curved, 
and in other storks (s.s.) this (cf. fig. 208) is converted into a 
spiral. There is a tendency, in fact, among the Ciconiidse 



I. 206. — WiKOPii^ or Platalea ajoja (afteb Oiuuioo). 

, trachea ; bifurcation of bronchi in front of aternum ; rJb^ l.b^ bronchi ; d, OMophagUB 
€t oerrioal muaclea. 
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to the formation of these spirals, which are also found in the 

Aodpitres. 

The windpipe in the ibises is simple, not convoluted; 



Fio. 207.“ Intestines ok Flatalea leucorodia (aiteh Mitchell). 
short-circuiting vessel divuUMl. 

but in Platalea leucorodia it is convoluted.^ In this bird 
the windpipe runs in a straight or slightly sinuous course 



Fig. 208. — Intestines op Ciconia nigra (aiter Mitchell). 

Xi as in fig. 207. 

into the thorax ; it then bends upon itself, and after an inch 
and a half or so reverts to its original direction, and divides 
within the thorax into the two bronchi. 

’ I have a windpipe of P. leucorodia which is not convoluted, but which 
bifurcates within the thorax. 
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In Platalea ajaja (see fig. 206) the trachea is peculiar 
in that its bifurcation takes place about the middle of the 
neck, some distance at any rate before the entry of the 
bronchi into the thoracic cavity. 

In a female which I measured the bifurcation was three 
inches in front of sternum, and the distance from the bifurca- 
tion to the end of the larynx was six and a quarter inches. 
Hudson has stated ^ that there are two species of spoonbill 
in the Argentine : one has a windpipe like that figured above, 
and may be considered to be the true ajaja, while the other 
has a windpipe w’hich is not modified in any way. The 
characters of the latter — apart from the question of the 
windpipe — have been considered by some to be those of 
immaturity ; but this is denied by Hudson. 

I have in my possession seven windpipes of P. ajaja, of 
which tw’o are males and the rest females. In the two males 
the lengths of the trachea are practically identical. In the 
females the position of the syrinx varies considerably, being 
more than an inch low’er in some than in others ; this may 
possibly account for the differences observed by Mr. 
Hudson. 

The extrinsic muscles of this species arise from inner side 
of coracoid, not far from the middle line of sternum. The 
intrinsic muscles of the syrinx are present ; they cease, how- 
ever, some little way in front of the syrinx. These muscles < 
are also inconspicuous, and form a very thin though rather 
wide band. The syrinx is not especially stork-like, except in 
the fact that the bronchi are for the greater part of their 
extent tubes with complete rings. The first dozen or so, 
however, are incomplete, there being thus a membrana 
tympaniformis. 

There is a cartilaginous three-way piece, and generally 
there is but little ossification in the windpipe. 

The windpipe of P. alba is different from both the species 
already described. 

It is not convoluted, but the bifurcation does not take 
place outside of the thoracic cavity, as in the last species. It 

‘ ScLATER and Hupson, Argentine Onvithology, vol. ii. p. 115. 
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is also stork -like in the fact that there is no membrana tym- 
paniformis ; the bronchial rings are complete rings from the 
very first. 

The main peculiarity of the windpipe, however, lies in 
the fact that from a point about three inches from the larynx 
.it appears to bifurcate and to consist of two closely applied 
tubes. By cutting windows it was ascertained that this 
appearance corresponded to the reality — that the windpipe 
did consist of two tubes. This arrangement, which seems to 
characterise the present species only, is, of course, suggestive 
of the median tracheal septum of the penguins, &c.^ 

Of the ibises I have examined the windpipe of EitdocAmns 
ruber, E. alba, and of Ibis cethiopica. There are differences 
between the species similar to those which exist betw^eeii the 
species of Platalea. In Ibis cethiopica there is no membrana 
tymi)aniformis,the bronchial rings being complete. In the two 
other species this structure is present, and moreover the last 
few tracheal rings are defective in the middle line posteriorly. 

The extrinsic pair of muscles are attached in E. ruber to 
the inner surface of sternum not far from the middle line. 
The intrinsic muscles stop short some way in front of the 
syrinx. 

In Platalea ajaja cervical vertebrae 7-10 have a cata- 
pophysial canal. Some of the dorsal vertebrae are fused. 

The number of cervical vertebree is seventeen or eighteen 
(Platalea ajaja). The sternum is two-notched (Platalea) 
and has a small spina externa, but no spina interna. 

The skull has, as in charadriiform birds, ^ a pair of 
occipital vacuities. 

It is schizorhinal and has rudimentary basipterygoid 
processes, which in Platalea ajaja have the form of small 
sharp thorns. Supra-orbital impressions are feebly developed. 
The lacrymals with the ectethmoids very nearly form a com- 
plete ring of bone, the aspect of this part of the skull being 

‘ Gadow, in Newton’s Diet Birds, speaks of the trachea (sub voce) of Platalea 
as divided by a cartilaginous septum. I have not found this to be the case 
with P. ajaja or P. leuco^'odia, 

* Also, however, in geese. 
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distinctly charadriine, A groove runs forward from the 
nostrils, as in Scopus^ &c. (g'.t?.) 

Family PlioBnioopteridflB.' — Phcenicopterus agrees with 
the storks in the subdivision of the prebronchial air sacs by 
many septa into smaller chambers. But, as this also occurs 



Fio. 209. — Syrinx of PhcenicopUims (after Welihjn). 

An, front view ; .Ic, lateral view. 

in Chauna and to a much greater extent, less weight must 
be laid upon it than upon some of the muscular characters. 

In the storks, as in Scopus^ but not the Anatidoo, the pec- 
toralis major is divided into two distinct layers. This is also 
the case with Phcenicopterus, The tensores patagii are 
closely similar in the birds under comparison and diverge 
from those of the duck. The ducks are peculiar in the origin 
of the smallest head of the gastrocnemius from the biceps ; 

‘ Our knowledge of the anatomy of the * soft parts * of Phomicopterus is 
mainly due to Weldon (P. Z, S. isSS) and to Gadow (Jotvrn, f, Om» xxv. 

p. 882.) 
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no such connection occurs in either stork or flamingo. That 
the deep flexor tendons of Phoenicopterus are not stork-like is 
surely related to the diminutive hallux of that genus. 

On the other hand the accessory femorocaudal, though 
small, is present in the flamingo, though absent in the storks,^ 
while the syrinx (fig. 209) is not stork-like. The cceca are 
long (three inches), but the intestines are not duck-like. 

The atlas is notched by the odontoid process, and the 
notch is very nearly converted into a foramen. There are 
nineteen cervical vertebrae. None of the catapophyses fuse 
to form a canal. The transition between catapophyses and 
haemapophyses is more complete than in most birds ; on the 
last cervical the two catapophyses are raised on a common 
platform, and on the first dorsal is the first (and last) haema- 
pophysis, which is flattened and obscurely bifid. The last 
cervical and the first three dorsals are fused. Five ribs 
reach the single-notched sternum. The coracoids overlap at 
their insertion. 

The skull is desmognathous, with basipterygoid processes, 
to which the anterior ends of the pterygoids are attached. 
It is holorhinal with pervious nostrils. There are lateral 
occipital fontanelles. The lacrjunals are large and rather 
duck-like, notched externally ; they nearly reach the jugal 
bar. There are no ossified ectethmoids. 

In including the Plataleida^ and Ibididje with the Hero- 
diones I shall have the assent of most ornithologists. Alone 
among recent observers who have occupied themselves with 
the structure of the group, Garrod and Forbes placed the 
spoonbills and ibises apart. The latter included them in his 
group Pluviales with the Charadrii, Bhmochetus, &c. These 
diverse opinions about the*PlataleidoB appear to me to be 
largely due to the primitive position which they occupy 
among the HerodionoB. They are to my thinking not far from 
a basal ‘ gralline ’ stock. The Plataleidss have the complete 
muscle formula, and the biceps slip to the patagium. Some of 
these muscles have been lost in the other Herodiones, in which 

* With the partial exception noted on p. 425, footnote. 
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there is traceable a gradual series of modifications. In the 
storks the accessory femorocaudal is always absent, and in 
some the ambiens and femorocaudal also ; in the Ardeidse both 
ambiens and accessory femorocaudal are gone, and the 
modification of these leg muscles culminates in the aberrant 
Cancroma, where the formula is merely XY — . In the 
Plataleidee (as in Tantalus) there are just faint traces of the 
basipterj^goid processes, missing elsewhere in the group. 
The ibises are schizorhinal, and in Platalea the ends of the 
nasal grooves are rounded, thus tending towards the holo- 
rhinal, while the lower part of the bony nostril is wider than 
the upper, appearing thus to show a commencing occlusion 
of the schizorhinal nostril into a holorhinal one ; in Arclea 
cinerea a faint trace of a former schizorhinal condition is 
seen in a slight groove which runs back from the end of the 
holorhinal nostril, as in Chunga (see p. 144). The schizo- 
rhinal condition, as has been before pointed out, is probably 
the more archaic. Finally the Plataleidap have, according 
to Mitchell, the most primitive form of gut among the 
Herodiones. Significant points of likeness between the 
Plataleidee and Gmes are not wanting ; the occipital foramina 
and the impressions of the supra-orbital glands were among 
the facts that led Forbes to associate them together. The 
convoluted windpipe is common to Platalea, Tantalus, and 
Grus/ Both Platalea and Griis have the complete muscle 
formula and schizorhinal nostrils. 

It has been often asserted that there are likenesses 
between the Herodiones and the accii)itrine birds. This 
largely reduces itself to a comparison between the Herodiones 
on the one hand and the Cathartidae and Herpentarius on 
the other ; for if the two latter forms of accipitrine birds are 
rightly so placed the falcons must, on account of the various 
reductions in their structure, be derived from some form near 
to these, and cannot be their ancestors. There are two at 
first sight rather striking likenesses between the Herodiones 
and theee lower accipitrines. Gadow has commented upon 
resemblances in the lie of the intestines, and Mitchell has 
still further emphasised this likeness. In both groups (the 
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falcons only among the Acoipitres were examined) there is a 
tendency for the intestine to be thrown into spirally twisted 
loops ; but Mitchell is of opinion that this is really no 
more than a convergent resemblance, for as the simpler 
types are considered the spiral arrangement becomes less 
and less obvious, thus indicating its special development, and 
independent development, in both. 

The second point concerns the syrinx, which as a special- 
ised organ is wanting in both storks and Cathartidae. In 
neither group are there intrinsic muscles. This point of 
resemblance rests, however, upon mere negativity. The 
details of the conformation of the lower part of the larynx 
are. as may be inferred from the preceding explanations and 
figures, extremely different in both ; it seems as if the syrinx 
has degenerated in both, but along quite different lines, the 
loss of the intrinsic muscles being about the only point in 
common. And we know from other groups that this muscle 
may be independently lost. There is, to my mind, as much 
to be said for a derivation of the Accipitres from the crane as 
from the pelargine stock, the fact being that we must 
probably seek for the origin of both from a low branch, 
perhaps common to all. The matter is further dealt with 
under the section devoted to the Grues. 

The skull of the flamingo is not duck-like. The back 
view of it, with the occipital fontanelles, might, it is true, be 
mistaken for that of an anserine bird ; but there are no 
salient likenesses elsewhere. There are but rudimentar}^ 
basipterygoid facets, and the palatines have (which they 
have not in the duck tribe) a well-developed internal lamina, 
which, as is so often the case, is sharply bent downwards •at 
its edge. In front of the fused maxillo-palatines there is no 
palatal vacuity, as in nearly all Anseres. The lacrymals, 
like those of the Anseres, are certainly large ; but their size is 
not so conspicuously marked in the length of their base of 
attachment to the margin of the orbit as in the length and 
great breadth of the descending process, not a feature of the 
anserine skull. The ectethmoids seem hardly ossified. The 
interorbital septum is largely deficient in front, as in Chaunay 
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but is also more vacuolated behind, and in a different way from 
Avhat is found among the few Anseres in which the inter- 
orbital septum is not solid. The length of the angular 
process of the mandible, though a duck character, is also 
found in the Plataleidae. There are so many characteristic 
duck-like characters wanting in the skull of Phoenicopterus 
that we cannot place it with that group. 

Of fossil Herodiones a considerable nmnber of genera and 
species have been described. These range from the Cretaceous 
to cave deposits, and have been found in Europe, India, 
Maiu'itius, and Eodriguez. If Scaniornis, described lately 
by Dames,* from the Cretaceous of Sweden, be really an 
ally of the flamingo-like bird PahBlodns, it is important to 
note that this family goes back further into the past than 
any other living family, so far as our information allows us 
to say. Huxley’s name of ‘ Amphimorphae ’ for the group, 
and his remark to the effect that they are so thoroughly 
intennediate between the storks and ducks, will occur to the 
mind in this connection. This bird is known by a scapula, 
coracoid, and humerus. 

The other forms upon which new genera have been founded 
are not known by even so much as the scanty remains of Scamor- 
7iis. Palaociconia, Propclargus, Ibidoj^odia are only known 

by the tarso-metatarsus (incomplete), while the other genera are 
founded upon equally fragmentary remains. Tantalus Milne- 
Edwardsii^ (nearly perfect tibio-tarsus), from middle Miocene, 
France. PalceloduSy however, is known by coracoid, scapula, and 
some of the * long bones,’ as well as the sternum, ‘ scarcely to be 
distinguished from the somewhat larger sternum of Phoenicopterus 
roseus,' furcula, one or two vertebrae, and metacarpal bones. The 
bird seems not to have had such long legs as the modern flamingo, 
but longer toes. Elomis (Eocene and Miocene) was also a 
flamingo, but intermediate in the length of its legs between 
Phoenicopterus and Pakelodus. Agnopterus (Miocene) is reckoned 
a flamingo by Pubbbingek, placed * incertce sedis* by Lydekkeb. 

^ ' Uber Vogelreste aus dem Saltholmskalk von Limhamn bei Malmd,' Bih. K, 
Svensk. Ak. Handl, xvi. 1891. 

* Shufeldt. ‘ Fossil Bones of Birds,’ <kc., P. Acad. Nat ScL Philad. 1896, 
p. 607. 
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TUBINARES 

Definition , — Nostrils produced into tubes. Aftershaft present, aquinto- 
oubitaL Oil gland tufted. Skull sohizognathous, bolorhinal. 
Two carotids present. Xiarge supra-orbital glands. 

The peculiar form of the external nares, which has given 
to the group its name, characterises it. It is a character 
which is found in no other group,* but in all members of 
the present. The Tubinares are nearly the only large group 
of birds which can thus be diagnosed by a single character. 
The tube itself is, according to Forbes, whose ‘ Challenger ’ 
memoir upon the group forms the chief classic upon the 
subject, in Majaqueus, and probably in other genera, 
caused by a growth of the catilaginous walls of the nasal 
sacs. The degree of fusion between the two tubes varies in 
different genera. In Procellaria, for example, they quite 
coalesce and the external aperture is single. In Pelecanoides 
there is a distinct and not broad septum ; while in Buliveria 
and others the septum is so broad that the tubes almost 
appear double. 

The petrels are web-footed birds with a small hallux, 
which in Pelecanoides is quite absent. The web does not 
take in the rudimentary hallux. The general number of the 
rectrices is twelve, but Ossifraga has as many as sixteen. 
The after shaft is always present. The pterylosis does not 
vary greatly ; the dorsal and ventral tracts are w^ell separated 
upon the neck. The ventral pteryla is divided on the 
neck ; in the pectoral region each branch again divides. 
The dorsal tract . divides at the middle of the scapulae into 
two, which unite later, thus enclosing a space. 

The tongue varies much in size and in the amount of its 
spiny bordering or covering. In Dio^nedea, for instance, it is 
much covered superiorly with spines. In (Estrelata and 
others the tongue has a bordering of spines which are lateral 

* It has been pointed out that the complex and somewhat protuberant 
nostrils of Chionia bear a little resemblance to those of the Tubinares, but are 
differently developed. 
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as well as posterior; in Daption capensis, and in many 
others, the spines are confined to the hind margin of the 
organ. The more usual condition is the intermediate 
form. 

There is a well-developed but small gizzard present. 
The caca are absent in the Oceanitida?, but present, as a 
rule, in the Procellariid® ; they are small and nipple-like, 
and in Cyimchorea appear to be reduced to a single caecum. 

The gall bladder is 
always present, and the 
lobes of the liuer are 
equal or nearly so. The 
arrangement of the 
intestine is shown in 
fig. 210. The duodenal 
loop is double ; the 
greater part of the in- 
testine is drawn out into 
a consideral)le number 
of straightish loops. 

As to muscular 
anatomy^ the great 

Fio. 210.— Intestines of Fuhnarus glacui- pectoral is divisible into 
lis (.riEB Mitchell). j ^ ^ 

j-, short-circuiting vessel divided. , 

posed tendon , as in storks 
and Steganopodes. But in Larus, according to Furbiunger 
(and in Podica also), the same division occurs, which tends 
to lessen the differences between the Tubinares and the 
Laridae, so insisted upon by Garrod, Forbes, and some 
others. The tensores patagii in the Tubinares are com- 
plicated, but not in all the genera. In the Oceanitidse they 
are simplest. In these petrels the tensor brevis is a simple 
tendon. In Pelecanoides, and in some others, there is the 
additional complication that the tendon bifurcates near to 
its attachment on the extensor tendon, and gives off an 
anterior slip inserted more wristwards. In Prion affairs 
are still further complicated by the metamorphosis into 
tendon of the whole of the extensor metacarpi radialis 
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superficialis. In CEstrelata brevirostris we first meet with 
a recurrent slip going to the longus tendon and arising 
from the brevis in front of the termination of its anterior 
branch. The more typical tubinarian arrangement is seen 
in CEstrelata"^ Lessoni. We find here the characteristic 
ossicle of the tendon of the brevis which is found in 
so many Tubinares, and which has been held by some to 
be a character of much systematic importance in differen- 
tiating the group— a character which Furbringeb thinks 
has been ‘ overvalued.’ * From this ossicle spring some 
of the fibres of the extensor muscle of the fore arm ; it is 
also the starting point of the recurrent tendinous fibres, 
which unite the brevis and longus tendons ; these tendons 
are, moreover, in close apposition for nearly the whole of 
their course — itself a characteristic feature of the Tubinares. 

In Ossifraga and in some other genera there are no 
ossicles, but the tendons are highly complicated. In some 
petrels — for instance, in Diomcdea exsidam — the wing sesa- 
moid is double, and in this bird also there are considerable 
complications of the various tendons. While, therefore, we 
cannot define the petrels by the arrangement of the tendons 
of the tensores, as is sometimes possible, it is evident that 
we have what might be expected in a large and important 
group— a very considerable series of modifications of these 
organs. No petrel has, strictly speaking, a biceps slip, and 
the biceps itself, though perfectly normal in origin and 
insertion, has much more largely degenerated into tendon 
than is usual for this muscle. There is, however, a curious 
modification of this muscle in Pelecanoides and in a few 
others. Here the coracoidal head alone forms the muscle ; 
the humeral head goes entirely to the tensor patagii longus ; 
this slip is, therefore, as Forbes remarks, ‘ functionally a 
biceps slip.' Something apparently representing the true 
biceps slip is occasionally found in the Tubinares. In a 
few there is a tendon derivable from the humeral head of the 

> Justly, as it is found not only among the Steganopodes, which may be 
fairly regarded as allies of the Tubinares, but also in so remote a type as 
Meropn / 
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biceps, which appears to end on the fascia of the wing.' 
The expansor secundariorum, found only anaong the 
Oceanitidae, is peculiar in that it arises from the surface of 
the pectoral ; its muscular belly is, as usual, at the elbow, 
and the tendon is joined by a branch from flie scapularies. 
The anconceus has a well-marked tendinous attachment to 
the humerus. 

The muscles of the hind limb, to which Gakuod attached 
so much classificatory importance, vary much in the group. 
The ambiens is present in all except Fregetta and Pele- 
camides. In Garrodia and some others the tendon does 
not cross the knee.* All have a femorooaudal, but the 
accessorj' is absent in Bulweria and Pelecanoides. The 
semitendinosus has an accessory in the Oceanitidas, but not 
in the others. It is inserted separately from the semi- 
membranosus. The deep flexors blend about halfway down 
the leg ; but when a hallux is present it receives no slip 
from the conjoined tendons. The syrinx of the Tubinares 
shows an interesting series of gradations, from a quite 
ordinary tracheo-bronchial type to what is very much like the 
bronchial sjTinx of the Caprimulgidse, though Furbringer, 
while admitting the ‘ bronchophone tendency ’ of the syrinx 
of the Strigidae, as a point of similarity between that group 
and the Caprimulgida), considers that only ‘ artificially ’ can 
the Tubinares and the Spheniscidte be brought into the same 
line. Nevertheless in the series of Tubinares the bronchial 
rings to which the intrinsic' muscles are attached seem to 
move further down. Forbes, however, regards this as a 
splitting of the trachea, and holds that the intrinsic muscles 
are invariably fastened to the fifth semi-ring. ‘ It is in the 
genus Pelecanoides,’ remarks Forbes, ‘ that the typical 
construction of the syrinx of the Tubinares is seen in its 
simplest form.’ In this bird all the bronchial rings are 
semi-rings, and there is a three-way piece of the usual 

* In a specimen of Nycticorax griseus on one side of the body I found a 
tendon from the biceps running ito the tensor brevis tendon^ which may be com- 
parable to the above-described slip. 

* Cf« as to this OpisthoccmiuSt (Edicnemust and Casuarim. 
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structure. In Garrodia the first three bronchial rings are 
complete. In Thalassceca glacialoides the last four tracheal 
rings are incomplete behind, and are quite like the four 
succeeding bronchial semi-rings, being, moreover, like them, 



Fig. 211. — Skull of Dioniedea exidans Fio. 212. — Skull of Procellaria 
(after Huxley). gigantea (after Huxley). 

Vo, vomer ; Mxp, maxillo palatiues ; pt^Tvgoid. /V, palatines ; *, basipterygoid process. 

Other letters as in fig. 211. 

ossified. This modification is carried to its furthest extreme 
in Ossifraga. In this petrel the last nine or ten tracheal 
rings are incomplete in front, and the last twelve or so are 
incomplete behind. Thus the membrana tympaniformis 
does not commence for some distance away from the bifur- 
cation of the respiratory tube, the rings being double and 

G G 
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complete for the same way in front of it. The division of 
the trachea is carried upwards above the point where it is 
externally divided into two tubes by an internal septum. 
And in Aeipetes, though there is no external division of 
the trachea, there is an incomplete internal septum. In 
Diomedea, according to Swinhoe, at any rate in two 
species, the bronchi are long and convoluted, as in certain 
storks. 

The petrels are schizognathous and holorhinal birds, 
some with basipterygoid processes. The skull possesses a 
small peculiar bone, which has been termed the ‘ ossiculum 
lacrjTno-palatinum,’ ' whose relations are sufficiently in- 
dicated by its name. This bone occurs in many genera ; 
but it is said to be of no great classificatory significance,* 
since it also occurs in birds so remote from the petrels and 
from each other as Cuculidae, Cariama, and Laridse. The 
skull is markedly excavate above the orbits for the supra- 
orbital glands. The skull of an albatross {Diomedea mclauo- 
phnjs) is in more than one particular like that of the 
steganopods. It is, it is true, schizognathous ; but the 
interval separating the maxillo-palatines and the palatine 
expansions of the maxillae in front of these is very slight ; 
and, as Forbes has observed, the downwardly curved 
extremity of the vomer partly fills up this gap, though there 
is no actual fusion between it and the maxillo-palatines. 
The hooked bill is Fregata-Wke ; and the closely approxi- 
mated and downwardly produced internal laminae of the 
palatines are highly suggestive of the pelican. There are 
always fifteen cervical vertebrce. The sternum varies so 
much, from having a plain hinder contour to the presence of 
two notches on each side, that its characters need not be 
given in detail. 

The petrels can be divided into two families, the 
Oceanitidae and the Procellariidae, which may be thus 
defined : — 


' By Bbandt. Pabkeb hag tenned it ‘ uncinate.’ 
' See, however, under Steganopodes, p. 416. 
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OoeanitidsB. 

Tarsi ocreate or covered by large transversely 
oblique scutes anteriorly . No cceca. Expansor 
sec imda riorum present. Accessory semitendinosus 
present. Ambiens {when present) does not pass 
over knee. Wing shorter than leg. 

ProoellariidsB. 

Tarsi covered icith hexagonal scutella. Cceca 
present {except in Halocyptena). No expansor 
secundariorurn or accessory semitendinosus. 
Ambiens (absent in Pclecanoides) crosses knee. 
Leg shorter than wing. 

Not many fossil Tubinares are known. If Hydrornis natator 
of Milne -Edwards, from the lower Miocene of France, be referable 
to this group, it has a considerable antiquity. Diomedca anglica 
has been lately described by Lydekker.^ 

The nearest allies of the petrels appear to be the 
Steganopodes {q.v.) 


PALAMEDEiE 

Definition. — Aftershaft rudimentary. Aquincubital. Oil gland tufted. 
Muscle formula, A(B)XT + . TTo biceps slip. Expansor secun- 
* dariorum present. Carotids, two. Ceeca large. Skull desmo- 

gnathous, holorhinal, with basipterygoid processes. Bibs without 
uncinate processes. 

This well-marked group of birds has only two genera at 
most, which collectively contain but three species. It has 
been chiefly investigated by Parker,^ Garrod,^ Mitchell, 
and myself.'^ 

‘ In Quart. Joum. Qeol. Soc. xlii. p. 366. 

2 ‘ On the Systematic Position of the Crested Screamer,’ P. Z. S. 1863, 
p. 511. 

* ‘ On the Anatomy of Chauna derbiana^' Ac., ibid. 1876, p. 189. 

* ‘ On the Anatomy of Chauna chavaria^^ ibid. 1895, p. 350. 

* ‘ On some Points in the Anatomy of Chauna chavariay ibid. 1886, p. 178, 
and Beddabd and Mitchell, ‘On the Anatomy of Palatnedca^^ ibid. 1894, 
p. 586. 


Q G 2 
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The skin in these birds is excessively emphysematous, 
save only on the shoulder, and — in Palamedea and Chauna 
derhiana — on the tibia. The feathers, however, do not per- 
forate the cutaneous an: cells, ‘but cause the skin to be 
indented where they are inserted.’ The aftershaft, though 
present, is confined to the feathers on the nape of the neck. 
The rectrices are twelve in Chauna and fourteen iwPalayne- 
dea. The oil gland in Ch. derbiana has a single orifice on 
each side ; it is encircled by feathers which constitute the 
tuft. 

In Ch, chavaria the summit of the oil gland is covered 
by feathers, a line of w'hich separates the two orifices of the 
gland. In Palamedea the same is the case, but the encircling 
ring of feathers is not complete on the ventral side. The 
pterylosis is almost unique in the fact that there are no 
apteria, except, indeed, a space in the axillary cavities, and 
these are covered with down feathers. The strong homy 
spur borne on a bony core, an outgrowth of the first meta- 
carpal, is comparable to a thickened featherless patch of skin 
in a corresponding situation in Sarcidiornis,' 

The patagialis muscle is not reinforced by a biceps slip ; 
the brevis tendon is single, but broad, and without a patagial 
fan. The expansor secundariorum is present and ‘ ciconiine.’ 
The insertion of the deltoides posterior is extensive in Pala- 
medea — for about three inches down the humerus. Thq 
anxonceus has a well-marked humeral head. The division of 
the biceps commences in the fleshy belly of the muscle. 
In all the members of this family a very peculiar muscle 
exists, to which Mr. Mitchell and I have given the name of 
costo-sternalis externus. It arises from the third, fourth, 
and fifth ribs by a tendinous head, and is inserted on to the 
costal edge of the sternum half an inch from the posterior 
end. 

The muscles of the leg are complete, as regards those 
upon which Garrod laid stress in his classification, in 
Chauna. In Palamedea^ however, the accessory femorocau- 
dal is absent. The biceps has not an anserine insertion, but 

' Not, of course, to the carpal spur of Plectroptcrus, 
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passes through a loop in the ordinary way. Both peroiieal 
muscles are present ; the tibialis anticus is split just at its 
insertion. The deep flexor tendons differ somewhat in the 




Fio. 213.— C^.CA OP Chauna chavaria (after Beddard)* 
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three species. In Palamedea the flexor longus hallucis is 
slender, and gives oflF a vinculum to the flexor communis 
tendon, before supplying the first digit ; in Chauna, derbiana 
there is no branch to the first digit at all ; Chauna chaxmria 
is like Palamedea, but there are two 
distinct vincula. 

The palate (of Ch. chavaria at any 
rate) is provided w'ith three longitudinal 
rows of papillae ; the tongue is just over 
an inch long, and its base is edged wdth 
spines. There is no transverse constric- 
tion or oblique groove, such as is found 
in many anatiform birds. The proven- 
triculus is peculiar ; there is a narrow’ 
zone of glands round the oesophageal 
aperture, from w hich a broad triangular 
patch extends down one side of the 
cavity. The gizzard is decidedly small. 
The lobes of the liver are more nearly 
equal in size in Chauna than in Pala- 
medca ; in all there is a conspicuous gull 
bladder. The avea (fig. 218) are in 
some respects unique in structure ; they 
are in the first place large, measuring 
three inches or so in length ; they are, 
sacculated by a single band. 

The windpipe agrees with that of 
some of the Anseres in having tw’o pairs 
of extrinsic muscles : ^ the upper pair is 
inserted into the middle of the membrane, which runs 
betw’een the coracoid and the corresponding limb of the 
furcula ; the lower pair close to* the costal processes of the 
sternum. The intrinsic muscles cease some little way in 
front of the syrinx. 

The prebronchial and subbronchial air sacs are, in Ch. 
chavaria at least, much divided up, as in the storks. In 

^ Apparently first noted by Cbisp, * On the Visceral Anatomy of the Screamer,’ 
P. Z, 8. 1864, p. 14. 



Fio. 214. — Windpipe oe 
Palamedea (after Bed 

DABD AND MiTCHELL). 
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Chauna the lower pair of extrinsic muscles fan out upon the 
aponeurosis of the lungs. 

There are eighteen cervical vertehrce in PalamedeadAidiiii 
Ch. chavaria, nineteen in Ch. derbiana. There are seven 
complete ribs in Palamedea, eight in Chauna, The sternum, 
which has one notch on either side, has neither external nor 
internal spina. There are in neither genus any traces of 
uncinate processes on the ribs, a 
character which is unique among 
living birds.^ 

The skull of the Palamedeidge 
has many anserine characteristics, 
which have been emphasised by 
Parker, and perhaps rather too 
lightly touched upon by Garrod. 

In their desmognathism (which is 
a complete fusion) they are, of 
course, anserine, the form of the 
maxillo-palatines most recalling 
those of Mergus. The form of the 
palatines is duck-like or gjillina- 
ceous in the rudimentary character 
of the internal lamina, which is a 
mere ridge. The pterygoids are 
articulated to the large oval duck- 
like basipterygoid processes, nearer 
to tbeir middle than is the case 
with the Anseres. The lacrymals 
are small, quite contrary to what 
is found among the Anseres, 
though the ectethmoids are not unlike those of the 
latter group. The anterior part of the face, with the clear- 
cut holorhinal nostrils and the hooked bill, is suggestive of 
Cariama ot a gallinaceous bird ; it does not at least recall the 
duck or goose. The interorbital septum is deficient in front, 

* Not even a rudiment of these characteristically avian structures has, so far 
as I am aware, been detected. 



Fig. 215. — Skull of Cliauna 
derbia^ia, Ventkal Aspect. 
(After Garbod.) 
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but not fenestrate posteriorly. Occipital fontanelles are 
absent. 

Though perhaps rightly placed in the neighbourhood of 
the geese, it is obvious, from what has been said, that the 
Palamedeidop are distinguished from them by many differ- 
ences, of which the most important are perhaps — 

(1) Continuous feathering. 

(2) Absence of biceps slip to patagium. 

(3) Peculiar form of intestinal caeca. 

(4) Normal character of biceps cruris. 

Emphysematous character of skin and breaking up of 

cervical air sacs. 

On the other hand there is nothing in the skull which 
forbids an association with the Anseres, and the windpipe, 
with its two pairs of extrinsic muscles, is decidedly goose-like. 
But it must be remembered that this feature is also found 
among Galli, and in a few other forms. 


ANSERES 

Definition , — Oil gland tufted. Aftershaft small or absent. Aquin- 
cubital. Two carotids. Trachea with two pairs of extrinsic 
muscles. Cseoa long. GaU bladder present. Biceps slip present. 
GlutsBus maximus large. Muscle formula of leg, ABX + . Skull 
desmognathous, with basipterygoid facets. 

The swans, geese, ducks, and mergansers, which make up 
this large assemblage of birds, are all aquatic, or semi-aquatic, 
in habit, and in correspondence have webbed feet, with the 
exception onlj^ of Anseranas, They are also for the most 
part strong flyers, excepting only the living Tach ijeres ciiiereiis 
and the extinct Cnemiornis calcitrans, 

Tachyeres cmereus, the ‘ steamer duck,’ from the shores 
of Patagonia, has been investigated by R. 0. Cunningham.* 
It does not appear from his memoir, which relates chiefly 
to osteology, but in the course of which he describes and 

’ H. SxEBOHH, * An Attempt to diagnose the Sub-Orders of the Ancient 
Ardeo- Anserine Assemblage,* <fec., Ibis, 1889, p. 92. 

* * On the Steamer Duck,* Tr. Z, 8, vii. p. 493. 
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figures the gizzard and windpipe, that there are noteworthy 
.modifications of structure. The bird flies strongly when 
young, but swims only when adult. Cunningham suggests 
a greater density of the bones ; but when weighed and com- 
pared with the skeleton of some other Anseres no reliable 
differences were apparent. 

Cnemiornis calcitrans is a large anserine bird from the 
Pleistocene deposits of New Zealand, which, according to 
Sir James Hectoh,^ stood over two feet high, and was at 
least three feet in length. Cnemiornis is characterised by 
the great weight of its bones ; the following comparative 
table from Hectok’s paper brings out this fact : — 




Hulk 

1 Weight 

Cneymornis 


10 

244 

Ocjfdruyyius 

Non -volant 

10 

210 

Striiigojys 


10 

' 187 

Nestor 

Volant 

10 

181 

Hieracidea 


10 

1 126 


It seems clear from these comparisons that Cnemiornis 
could not have been a flying bird. Moreover the sternum 
has a keel whose highest elevation is under three hues. 
This bone appears to have possessed no lateral notches, but 
only a slight median concavity. On the other hand the 
‘ rough tubercular surface ’ of the keel is perhaps a little 
suggestive of a missing cartilaginous piece. 

The suggestion of Fukbiiingee to separate Cnemiornis 
into a suh-family, Cnemiornithina\ seems perhaps, in the 
light of the above facts, to be justifiable. But the remainder 
of the members of the family cannot be divided with precision. 
It is above all impossible to divide swans, geese, and ducks 
from each other into three such groups. Nevertheless, as 
will be gathered from the following account of their struc- 
ture, the Anseres vary very much among themselves — more 
especially in the structure of the windpipe. 

All the Anseres, as noted in the definition, have a tufted 
oil gland, 

* * On Cnemiornis calcitrans^ Ac., P. Z, S, 1878, p. 768, and 1874, p. 307. 
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The aftershaft is always small, and sometimes absent. 

In the pterylosis (according to Nitzsch) the pectoral tract 
divides about halfway down the 



neck ; it is broad, and gives off on 
each side a stronger outer band. 
The dorsal tract also divides 
about halfway down the neck, and 
encloses a long narrow space. 

The number of rectrices in 
various genera is shown in the 
annexed table. 



Blziura lobiita 
Anas specularis 
Anas hoschas . 

Aix siionsa 
Krismatura rubida . 
Cereoj^sis Noiup Hollandite 
Plectroptcriis (f(i)nbcnsis . 
C7j(jnus mnsicus 
Fiiligiila rufimt 
Dafila acuta . 

Bernicla ccmadensis 
Mcrgus merganser . 

„ albicillus 


24 

14 

14 

16 

38 

14 

16 

24 

16 

16 

18 

18 

16 


I The tongue is strong and 

bordered with spines. In Mergim ' 

Fio. 2i6.-Mourii of only is it thin and pointed. 

Biziura lobatu (afxeb Uvcr has a large qall 

hi . 

poach ; tongue fra?num OiauaCf . 

Biziura lobata is unique among 
Anseres^ in having a subgular pouch (fig. 216), formed by a 
duplicature of the fraenum linguae. 

The most noteworthy point that appears from the facts 
given on the next page is the gradual reduction of the caeca 
in the mergansers and smews, and the great range of variation 
in size which they exhibit in Cygnus nigricollis, a variation 


Nitzbch says 16. 


^ Cf. Otidei for a similar structure. 
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which does not, it will be observed, bear any relation to the 
variation of the total length of the intestine. 

The following are some intestinal measurements : — 




S. I. i 

L. I. 




Ft. In. 

Inches 

Inches 

Mergus merganser 


5 4 

2*25 

1*25, 1*5 

„ casti>r , 


4 8 

3 

1*8 

,, alhicillus 


4 3 ‘ 

3 

•2 « 

Biziura lobata . 

1 

\ 

8 6-5 

6 11*25 

4*5 

(>*5 

0*75 

7*75 

Anas specular is 


5 2*5 

2*75 

5 

JiUodoncssa caryo^diyllacea 


4 

— 

2*2, 1*75 

Aix sjx)nsa . . . 


4 1*2 

3*5 

5 

Sarcidioryiis melcnwta $ . 


4 7 

3 

2*75, 3 

„ carunculata S 


3 6 

4 

3*25 

Bernicla canadensis . 


7 6 

— 

9 

„ jubata S 


3 4 ' 

3*5 

2*5, 2*75 

Chcnaloj)cx jubata 


4 

2*5 

3*75, 4 


I 

11 

— 

15 

Cygnus nigricollis 

1 

1 

11 4 

— 

8 

9 6 

— 

9, 10 

Dendrocygna autumnnlis . 


3 (*> 

2-25 

3*2, 3*4 

Metopiona jx'jktsaca , 

t 

t 

4 10*5 

4 3 

2 

3*5 

5*5, 6 

Plcctrojitevus ganihensis . 


0 9 

7 

<)*75, 7*25 

„ nuier S 


6 1 

3 

() 

Cervapsis yovtc HollandiiC 


0 

3*5 

11*5 

Anser a 1 hi f runs J 


5 8 

5 

7*75 

,, tndicus V 


5 1 

3*5 

5*5 

Chlocphaga niagcllanica v 


6 8 

4 

12, 13 

Cygnus nloi' S • 


11 9 

8 

14, 15 

,, ferus^ 


8 (> 

9 

9*25 

,, buccinator ^ 

1 

1 

8 4 

8 6 

8 

7 

9 

7*5 

„ atratus ^ 


9 2 

() 

11 

Tadoinia tadomioides y 


5 6 

3 

3*5, 4*5 

Dali la acuta o , 


4 0 

4 

4, 4*5 

Paicilonetta bahamensis^ 


2 10 

2-5 

4, 4*25 

,, bahaniensis S 

Querquedula circut 9 


3 4 

3 

3,3*3 


4 

— 

3 

Hynicnoheinus malacoi'hynclius 9 

4 

4 

3*8, 4*25 

Spatula clyjxuita S 


8 9 

6 6 

4 

3*5 

5 

3*5, 3*75 

FxiUgula ferinaS 


4 2 

4 

4*5 

1 ' 

4 5 

4 

0*75 

„ rufina S 

1 : 

4 2 

3-5 

0*5, 7*5 

Nyroca leucophfhabua . 

4 8 


1*5 


Only one present. 

The muscular anatony of the Anseres is very uniform, 
which coincides with their uniformity of life habit. Even 
presumed aberrant types, such as Mergus, Biziura, and 
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Tachyeres, are hardly if at all to be distinguished anatomically 
from tlie typical geese and ducks. Our knowledge of the 
muscular structure of this group of birds is mainly due to 
Furbringer, who has illustrated the fore half of the body 
by two double plates referring to Anser cinereus. 

An interesting duck character (also, however, found in 
Colijmhus, Tinami, and some OaUi) is the meeting of the two 
great pectoral muscles over the carina sterni. In Mcrgns 



Fig. 217 Biceps Femohis of Duck (Bi), to show its 

Relations to Gastrocnemius (aftek Weldon). 


merganser, for example, they blend for a space of half 
an inch. 

There is a biceps slip present,’ and this has at least 
sometimes a pecuhar arrangement, which is remarkably like 
that of the Colymbi. In Anser cinereus h^fRBRiNGER 
figures the biceps slip as attached in the ordinary way to 
the tendon of the tensor patagii longus ; but before it is thus 
attached it gives off a slender tendon, which — exactly as in 
the Colymbi — runs over the patagium and is inserted on to 
the fore anii in front of the broad and diffuse tensor patagii 
brevis tendon. 

In Anas Furbringer figures this tendon as joining the 


‘ Not in Cygnus BewickL 
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patagial fan, a state of affairs which is exactly paralleled in 
jEchmophorus (see p. 387). In ducks there is a peculiarity in 
the biceps to which attention appears to have been first 
called by Fukbbinger. There is a tendinous sheath 
partly covering the patagial side of the muscle and derived 



Fio. 21S. — Windpipe op 

Sarcidiornis mclanota <? 
(after Garrod). 



Fio. ‘ilih — S ame of 
S. vielanota 9 
(after Garrod). 



Fig. 220. — Same of 
Bhodonessa caryo- 
phyllacea 9 (after 
Garrod). 


from the pectoralis primus. A similar structure occurs in 
Colymbi and storks, and in Casuarius its homologue is more 
independent of the biceps. The latter at any rate, if not 
the former, seems to me to correspond to a peculiar muscle 
found in the tinamous (cf. p. 489). 

The expansor secundariorum shows some variations. In 
Biziura lohata it is entirely absent. In Aix sponsa the 
tendons thin off and are lost on the interthoracic septa. In 
others, as, for instance, Bernicla canadensis^ the expanded 
tendons end upon the oesophagus ; on the way thither they 
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blend with the sheath of the carotids, which when pulled 
upon they compress, as also the jugulars. This may con- 
ceivably be a provision for increasing the blood supply of the 
wings by interrupting that of the head. Finally in Cygmis, 
Mergus, and Sarcidiornis the expansor secundariorum is 
ciconiiform. 

The deltoid has a strong scapular slip. The anconmis 



Fig. 221. —Syrinx of R. caryophyllacea ^ , Kiqht-hand Fig., Front 
View; Left-hand, Side View. (After Garrod.) 

has a humeral slip. In the hind limb all Anseres have the 
formula ABX+. The femorocaudal is slender, the acces- 
sory very large. In Bizvura lobata the ambiens has a pecu- 
liarity found also in Phalacrocorax and the extinct Hesper- 
ornis — that its tendon perforates the patella. The glutceus 
maximus is very large, and its origin descends below the aceta- 
bulum. A marked peculiarity of the Anseres, found else- 
where in Struthio, is that the biceps femoris gives off a slip 
to the gastrocnemius. In most Anseres ,the flexor longus 
hallucis gives off a slip to the hallux before fusing with the 
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flexor profundus ; in Biziura lobata 
the same slip is given off, but it be- 
comes lost on one of the annular masses 
of fibrocartilage surrounding the other 
flexors. 

The windjnpe in the Anseres is nearly 
always straight, the only exception 
among the ducks and geese as yet 
recorded being Anseranas melanoleuca, 
in the males of which the trachea forms 
a double loop, extending to quite the 
end of the pectoral muscles. A 
second peculiarity of the trachea is 
seen in the males of Mctopiana pepo- 
saca, Strictonetta na'vosa,^ Melanitta 
fusca, Nijroca, Mergus, Somateria, and 
Clangula. In these (see fig. 222) there 
is a bulbous enlargement of the trachea 
some little way in front of the syrinx. 
It is present, but very slightly developed, 
in Fuligula rufina. In nearly all the 
ducks the syrinx in the male has a re- 
markable asymmetrical enlargement, 
which is as a rule entirely bony, but is 
sometimes {Mergus, Clangula, Nyroca, 
Fuligula) mainly formed of membrane. 
The accompanying figures will give 
some idea of the form of this structure, 
which shows differences in different 
species. The figures are taken from 
a memoir upon the subject by Professor 
Gaurod.2 Yarrell ^ and Eyton'* have 






* E. P. Ramsay, ‘ Note on the Trachesa of certain 
Australian Ducks,’ Proc. Linn. Soc. N. S. W. iii. 
1879, p. 164. 

* ‘ On the Form of the Lower Larynx in certain 
Species of Ducks,’ P. Z. S. 1876, p. 161. 

* British Birds. 

* Monograph of the Anatidce or Duck Tribe. 



Fio. 222. — Windpipe of 
Metopiana peposaca <y 
(after Garrod). 
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also figured a good many of the syringes of the ducks in 
illustration of this matter. The only ducks in which there is 
certainly no modification of the syrinx of this kind are 
Biziu?*a hhata, (Edcmia nigra, and Melanitta fusca ; in the 
former bird Fobbes' has described a plain syrinx (fig. 223) 
with a box at the bifurcation of the bronchi formed of the 
last tracheal and of a few of the anterior bronchial semi-rings. 

He suspects, however, that the 
L genus Erismatura^ will be found 

to have a similar syrinx minus a 
lateral outgrowth, as MacGilli- 
VRAY appears to have described 
something of the kind. Somateria 
molUssinia has a very slight sym- 
metrical enlargement of the syrinx. 
A very marked characteristic of the 
Anseres is the possession of two 
^ pairs of extrinsic tracheal muscles. 
In this they agree with Pala- 
medeida\ The single pair of intrinsic muscles are as a rule 
attached to the third or fourth tracheal ring in front of 
the syrinx in the ducks. 

Among the Cygnince (sw^ans) there is frequently a looped 
trachea, the coils being intrasternal. This is so with both 
sexes of C, ferns, C. buccinator, C. ainericanus, and C, 
Bewicki ; there appears to be a trace of the looping in C. 
atratus. In C, olor, C. inwmtahilis, C. nigricollis, and C. 
coscoroha the windpipe is straight in both sexes. It is 
interesting to note that in C. buccinator, at any rate, the 
intrinsic muscles do not follow the coils that bridge across 
the loop. This species of swan is also remarkable for the 
extraordinary dilatation of the middle of each bronchus, which 
is, again, characteristic of both sexes. These dilatations would 
be almost spherical were it not for the irregular crumpling 


123 .- 
( AFTER Forbes). 


* ‘A Note on some Points in the Anatomy of an Australian Duck (Biziura 
Mata),* P, Z. S. 1882, p. 455. 

* ‘ There is no expansion or tympanum, as in other ducks ’ (Orn. Biogr, iv. 
1838, p. 381). 
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here and there ; their diameter is about an inch. The 
bronchial rings which cover them have largely lost their 
individuality, and form an irregular network of partly 
cartilaginous and partly osseous bars. 

The males (? as to females) of Cygniis ferns and C. 
Bewicki at any rate show less marked traces of the same 
peculiarity. 

In the former there is a distinct fusiform dilatation, but 
further down the bronchi than in C. buccinator, between 
the rings of which there is some slight formation of 
anastomoses. In C. Beioicki both features are still less 
marked. 

Cijgnus olor, C. atratus, (7. nigricollis, and C. coscoroha 
have no trace of this remarkable structure. I have examined 
males of all and females of two. 

As to the geese, Bernicla canadensis, Anser indicus, and 
Cei'copsis Novee JTollandice (and doubtless many others) have 
a syrinx without the anatine bulbus. It is present in 
Plectropterus {gamhensis, Iiup]}eU>, niger) and Sarcidiornis, 
and present, though small and solid, in Clienalopcx juhata. 
It is fenestrated in Plectropterus, not so in Sarcidiornis. 

Dendrocygna appears to illustrate the commencement of 
the syringeal enlargement. In the male of D. arcuata the 
last twelve tracheal rings are widened and enclose a spacious 
chamber about twice the diameter of the rest of the trachea. 
The intrinsic muscles are attached to the beginning of this 
thin-walled box. In the female there is an indication of 
this in the fact that eleven of the tracheal rings in front of 
the last three are imperfect posteriorly, being closed by 
membrane. The intrinsic muscles also are attached opposite 
to the commencement of this modified region of the trachea. 

In D. autumnalis there is the same box, which is 
strengthened posteriorly by a strong bony bar. The wind- 
pipe of the female has no such modification as has been 
described above in D. arcuata. 

It is possible that this single enlargement in Dendrocygna 
is the beginning of both the tracheal swelling and the 
syringeal bulbus in Mergus, &c. 


H H 
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The number of cervical vertebrae ’ among the Anserei varies 
considerably. The smallest number is found, for example, 
in Pleciropterus gambcnsis, Biziura lobata, and Tachyeres 
dnereus, where there are only sixteen. In (Edemia nigra 
there are seventeen ; among the swans, twenty to twenty- 
four. The number of true ribs also varies considerably. 
Th6 smallest number is to be seen in Cereopsis, where there 
are but five. Tachyeres, Pleciropterus, and a number of 
other genera have seven ; there are eight in Tadorna vulp- 
anser, and as many as nine in certain swans and geese. 

The sternum, which has a moderate spina externa, but 
no spina interna, is whole in Cnemiornis, but has two 
notches or foramina in other Anseres. The coracoids come 
into contact, but do not overlap at their sternal articulation. 
The procoracoid is small, and does not reach the clavicle, 
which, however, reaches the scapula. 

The skull has large oval sessile basipterygoid processes. 
It is holorhinal and desmognathous. There are frequently 
lateral occipital fontane lies, as in many ‘pluvialine’ birds.'* 
The palatines are remarkable for the rudimentary character 
of their inner laminse, which brings about a resemblance to 
the gallinaceous birds, as has been pointed out by Huxley, 
and, it may be added, to the parrots. That part of the 
palatine is only indicated by a not well marked ridge which 
is totally absent in Bernicla leucopsis, Chen cwrulescens. 
The general direction of the bone, therefore, is oblique ; it i's 
only near to the attachment with the pterygoids that it 
becomes feathered out in a horizontal direction. That, at 
least, is the more normal arrangement ; for in Mcrgus the 
greater part of the bone has its upper and lower surface co- 
incident with the horizontal axis. This, too, is the case with 
Biziura lobata. 

The oval basipterygoid facets for articulation with the 


* For osteology see Parkeb, ‘ On the Morphology of the Duck luid the Auk 
Tribes,’ Cunningham Memoirs R. Irish Ac. No. 6, 1890, and 8HUrKU»T, ‘ On N. 
American Anseres,’ P. V. S. Nat. Mus. xi. p. 215. 

* Absent in Cereopsis, Biziura, Cygntu, and Cnemiornis. See Owen*, Tr. Z. 
8. ix. pt iii. 
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Fio. 224. — Skull of Querqurduhi crecca . Lateral View. 

(Afteu Huxley.) 

Ff\ frontal j .Va, nasal : lireinaxilla : !'/». vonu-r ; Pn, ]>alatine ; /'Z, pterygoid. 

The vomer is a thin deepish plate of bone which is more 
or less intimately connected with the 
median septum and maxillo-palatines in 
front. The maxillo-palatines are com- 
pletely fused across tlie middle line in 
many Anseres (e.g. Chen, HijnirnoJ(cmns ) ; 
in Biziura and Mergus they come into 
contact but are not fused. The latter 
has very un-ducklike palatine in that the 
somewhat delicate maxillo-palatines diverge 
from each other after their junction pos- 
teriorly as well as anteriorly, the palatine 
vacuity in front being (for a duck) un- 
usually extensive. In Chen cccriilescens, 
indeed, secondary bony growths have 
almost completely obliterated this vacuity, 
a kind of ‘ false ’ palate having been 
formed. 

The lacrymal bones are large, having 
a. considerable length of line of union with ^ ^ 

the skull ; they are sometimes (e.g. Chloe- View of Same. 
phaaa) and sometimes not (ez^. Mergus) ArryMnaxiUo-paiatinea. 
ankylosed with the orbital margin. Cere- 
opsis has (among the genera which I have examined) a skull 

H H 2 
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which is peculiar in that posteriorly the lacrymal is free 
from the orbital wall, but is fused with a process of the 
frontal at the anterior end of the supra-orbital impression, 
leaving (as in Chionis and some other birds) a foramen.^ In 
Cereopsis the descending process of the lacrymal curves back- 
wards and comes near to the zygoma ; ^ the junction is 
completely effected, and there is ankylosis, in DeJidrocygna. 

The ectethmoids of the Anseres are often largely deficient 
as ossifications ; when present they are thin-walled bubble- 
like structures, coming into relation with the lacrjunals. 
The interorbital septum is generally very complete ; but it 
is largely vacuolate in Mergus and Biziura, 

The folloAving table show’s the number of cervical 
vertebrce and the condition of the ha'inapophyses and 
catapophyses in a series of anserine birds : — 


Pleciropterus gambensts 


‘ h.m*. 

C13-D3 

Cat. nearly 
unite 

1 C12, 13 

Posterior 

(y'iita\>o])h. 

C16-D1 

Metopiaiia 2>ej)Osaca . 

17 

C14-l)5 

' C12, 13 

017-1)3 

Sard (Horn is earn nc u la ta 

l(\ 

C13-l)4 

: Cll, 12 

C15-D2 

Hyvienoliv-miis . 

16 

C13-D4 

i Cll, 12 

C15-D2 

Tachyeres cmcreits 

16 

C13-D5 

1 Cll, 12' 

015-1)3 

(Kdemia nigra . 

16 

C12-D5 

I CIO, 11 

015-D3 

Biziura lobuta . 

16 

; C13-D5 

Cll, 12 

015-D3 

Dendrocygna autumnalis 

17 

C13-D3 

Cll, 12 

016-Dl 

Bemicla brenta . 

19 

C15-D4 

1 C12-14 

018, 19 = 


' Fused to form a solid bifid * hajraajtopliysis,’ as iu some other birds. f 

* They are rudimcHtary and do not mount ujKin the hyi>aiK>i»liysis. 


As a possible appendix to the Anseres must be mentioned 
three or four species of an extinct genus of birds, Gastornis, 
flightless and larger than an ostrich. It has been found 
only in Europe and from Eocene beds. It is placed among 
the ‘ ratites ’ by Lydekker and some others ; this is largely 
on account of the coracoid, which is imperfect above, and 
appeared to Lemoine and others as probably ‘ platycora- 
coidal.’ FUrbeinger, however, considers that the tuberosity 


* This is figured by Owen in his paper on Cnemiornis, Tr, Z, S. ix. pi. 35, 
fig. 8. 

* Sometimes joining. Cf. Owen, loc, cit, pi. 36, fig. 6. 
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described by the latter as ‘ tuberosite pregleno'idienne ' is 
really the broken end of the scapula, which would be thus, 
as in DiduSy ankylosed with the coracoid, and would also 
form with it an angle approaching to a right angle. The 
supposed remains of the scapula, on the other hand, are for 
FtBBRiNGER the acrocoracoid. On this interpretation the 
shoulder girdle of Gastornis would be a nearly typical 
carinate shoulder girdle. The length and slenderness 
of the coracoid too is not a ratite character, but it does 
ally Gastornis with Gncmiornis (and also for that matter 
with Phororhacos). In spite of the freedom of the meta- 
carpals (a character only known elsewhere in ArchcBo- 
pteryx)y the complete furcula and various points in the bones 
of the lower limb, pointed out by Newton, together with 
the facts already referred to, seem to point to a greater like- 
ness to Cnemiornis than to any other known type. The 
skull had basipterygoid processes and seemingly teeth in 
sockets. The pygostyle appears to have been at most very 
small and probably absent. 

ICHTHYOBNITBES 

Definition . — Small toothed birds with carinate shoulder girdle and 
sternum. Bones of pelvis not united. Quadrate single-headed. 
Vertebras amphicoelous. 

• 

This group of birds, from the Cretaceous of North 
America, has been investigated by Marsh, who, in his great 
work upon the toothed birds, placed it in a group Odonto- 
tormse, as opposed to Odontolcae (Hcspcrornis), on account of 
the fact that the teeth are implanted each in a distinct 
socket. Its relationship to other groups is doubtful ; but it 
is probably not greatly misplaced if we consider it in the 
neighbourhood of the stork and plover tribe, as has been done 
by FtfRBRiNGER. The group contains two genera — Ichthy- 
ornis and Apatornis. Of the former Marsh refers to several 
species, viz. J. dispar, I. victor, I. validus, I. tener, I. agilis, 
and I, anceps. 

Of Apatornis there is but one species known, A. celer. 
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These two genera comprise a number of ‘ small birds^ 
scarcely larger than a pigeon. In their powerful wings and 
small legs and feet they remind one of the terns, and accord- 
ing to present evidence they were aquatic birds of similar 
life and habits.’ 

The restoration of Ichthyornis given by Marsh has 
been extensively copied in various works, in some of which 
it would appear as if our knowledge of the osteology of the 
species selected were greater than is really the case. It has 
been made, for example, to show scliizorhinal nostrils and a 
pelvis constructed after the carinate type, with the ischiaand 
ilia fused. It is not known whether the shall was schizo- 
rhinal, as only the calvarium and the lower jaw and a 
fragment of the upper jaw have been discovered. The skull 
has well-marked grooves for the supra-orbital glands ; the 
quadrate, as stated in the definition, is single-headed, as in 
rorR and many Struthiones. The brain, like that of 
Hesperornis, is small, and the cerebellum is remarkably 
large as compared with the hemispheres. The teeth of Ichthy- 
ornis are implanted in distinct sockets. 

Marsh has remarked upon the close resemblance between 
the lower jaw, with its teeth, and that of the smaller mosa- 
sauroid reptiles. In Ichthijornis dispar there are twenty- 
one distinct sockets in each ramus of the jaw. I. victor had 
the same number of teeth ; in J. anceps the teeth were more « 
numerous, and at the same time more slender. The jaws 
were united, as in Hesperornis, by cartilage or ligament. 

The vertebrce, as already mentioned, are amphicoelous ; 
but an approach to the tjq)ical saddle-shaped vertebrae is 
seen in some of them. The atlas is notched for the odontoid 
process of the axis. None of the dorsal vertebrae appear to 
have coalesced, and there is apygosiyle quite typical in form, 
but rather small. The shoulder girdle of both Ichthyornis 
and Apatornis is constructed upon the carinate plan.‘ There 
is the same angle between the scapula and the coracoid, and 
the clavicles are well developed. There are, however, differ- 

* SHurELDT Notes on the Extinct Bird Ichthyornis,' J. Anat. Phys. xxvii. 
p. 836) especially compares Ichthyornis with Rhynchops and Sterna. 
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ences in detail. In Apatornis there is a very long acromial 
process. The coracoids overlap at their articulation with the 
sternum, more so in Ichthyornis than in Apatornis, The 
clavicles are generally figured as typically carinate ; but the 
only part of this bone known is ‘ a fragment from the upper 
end of that bone in Apatornis ' The sternum is deeply 
keeled. 

The bones of the fore limb are well developed ; the 
humerus has a very large crest, surpassing in comparative 
size that of any recent bird ; this clearly indicates a powerful 
flyer, and the rest of the bones of the limb bear out this view. 
Though nothing is known of the structure of the feathers, 
there are upon the ulna impressions for the quill feathers. 

In the pelvis all the bones are free posteriorly, as in lies- 
perornisy Apteryx, &c. The acetabulum is perforate, as in 
most recent birds ; but the perforation is of moderate size, as 
in the tinamous. 

In the neighbourhood of Ichthyornis are possibly to be 
placed Marsh’s genera Baj^tornis, Tehnatornis, and Seeley’s 
Enaliornis. These birds, however, Cretaceous, like Hesper- 
ornis and Ichthyornis, are known by such limited material 
that their position is absolutely uncertain. 

The affinities of Ichthyornis to Hesperornis have been 
dw^elt upon by some ; but it appears that Lydekker’s 
• remark, that ‘ the Odontornithes are a series of birds ances- 
tral to the modern series of toothless carinates,’ expresses the 
truth. He has furthermore added that this series ‘ differs 
from the Euornithes (Stejneger’s name for carinates) by the 
absence of union between the rami of the mandible and 
between the distal ends of the ischium and ilium,’ likenesses 
which do not mean a near relationship, but express the 
degree of development of bird structure at that period. 
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ACCIPITRES 

Definition. — Aquinoubital. Oil gland present. Two carotids. Skull 
desmognathous and holorhinal. Ceeoa rudimentary or absent, 
Ambiens present. Biceps slip absent. 

This large group of birds admits of but a scanty defini- 
tion, if we are to include in it, as is here done, the secretary 
bird and the American vultures ; for it then shows a con- 
siderable amount of structural variation. The oil glands 



Fig. 226. — Texsores Pataoii of Polyhoroides (after BEDr>ARi>). 
tensor patai^i longus ; t 4 },hi\ teiiBor breris ; Anc, anoonaeus ; Z>, deltoid. 


invariably present, is generally feathered, but nude in the 
Cathartidffi. In Serpentarius this gland varies in size ; in 
one specimen it was found to be very small and to have a 
very minute tuft. 

The after shaft is absent in the Cathartidse and in Pandion, 
present in other Accipitres. Twelve rectrices is the usual 
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number, but fourteen occur in Neophron percnopterns and 
Bhinogryphus calif or nianns, 

Them diXe powder-down patches in Elanns, Circus, and 
Gypaetus, The ptery lasts is described for a variety of types 
by Nitzsch. 

The ventral tract broadens out on the breast, where 
it is even sometimes (Gyps fulvus) divided into an outer 
and inner branch. The dorsal tract forks upon the 
shoulders ; in Gypaetus barhatus each limb of the fork is 
connected by a single row of feathers with the long single 
median posterior portion of the tract. 

In Pcrnis apivorus these latter slender forks are figured as 
being much longer, and in Falco peregrinus they dilate into 
four or five rows of feathers before uniting. In Falco 
hrachyjderus there is the usual dorsal fork, but between its 
extremities lies the beginning of the very broad posterior 
part of the tract. In all these birds there are lateral neck 
spaces. The lumbar tract is but little marked, or is entirely 
deficient. A large amount of detail is given in Xitzsch’s 
account of this family, which is treated more fully than many 
others. 

The tensor patagih brevis is simple in all accipitrines, and 
there is never a biceps slip. There is, however, a certain 
amomit of variation in the tendon. The simplest form of 
• the tendon is seen in 


Vultur monachus 
„ auricular is 
Gyps fulvus 

Tinnunculus alaudarius 
Microhierax coerulesceiis 


Falco melanogenys 
,, suhhuteo 
„ cesalon 
Thrasaetus harpyia 


where it is a simple tendon without branches, as in many 
picarian birds. On the other hand in 


Buteo vulgaris 
Circus maurus 
„ Gouldi 
Helotarsus ecaudatus 


Spilornis bacha 
,, cheela 
Neophron percnopterus 
Milvago chima-chivia 
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Milvago chimango 
Gypaetus harhatus 
Dryotriorchis spectahilis 
Aquila imperialis 
Lophoaetus occipitalis 
Melierax monogrammicus 


Melierax polyzonus 
Polyborus brasiliensis 
Polyboroides typicus 
Haliaetus albicilla 
Milvus ictiniis 
Astur approximans 


a wristward branch (as shown in fig. 226) is given off, the 
tendon, in fact, bifurcating. Furbringeh, however, while 
figuring the two types, distinguishes in the apparently single 
tendon of Tinnuncidus two separate tendons in close contact 
for their entire length. 

A further complication is seen in Gypaetus and Gypo- 
hierax,^ w^here a small recurrent tendon (patagial fan) joins 
the anterior branch of the brevis wuth the longus, a state of 
affairs found to characterise Serpentarius, as w’ill be pointed 
out later. 

The expansor secunda riorum '^ is present in Milvago chi- 
viangOj Harpyhaliaetus corouatns, Falco, Polyborus, Tinnun- 
cuius, and Microhierax ccerulescens ; in others it is absent. 

The anconceus arises in Polyboroides and in some other 
types by a single head from the scapula, which is partly 
fleshy and partly tendinous. In Viiltur auricularis, on the 
other hand, the muscle arises by tw^o completely tendinous 
heads, so that the muscle has not that value in the classi- 
fication of the Accipitres that I at one time thought.^ In all 

' In Geranoaetm melanoleucus, which han, afi have all the last-mentioned 
genera, a bifurcate tendon of the breviSj a small muscular belly ending in a 
tendon which becomes lost upon the patagium arose on the right side, in a 
specimen which I dissected, from the extensor muscle near to the end of the 
anterior branch of the brevi.s tendon. I am uncertain of the exact homology of 
this structure in Geratioaetus. 

* For muscular anatomy, of Aooipitrei see Oiebel, ‘ Bemerkungen iiber 
Catliartes aura,' (fcc., Zeitschr, /. d. ges, Naturw. ix. (1867), p. 426 ; ‘ Zur 
Anatomie von Vultur fulvus' ibid. xxi. (1863), p. 131; ‘Zur Anatomic des 
Lamraergeiers,’ ibid, xxviii. (1866), p. 149 ; 8. Hauohton, * On the Comparative 
Myology of certain Birds,’ P. R. Irish Ac. ix. (1867), p. 624 (crane and goose 
as well as hawks). He deals with weight only. E. Neandeb, Undersbkningar 
af Muskulaturen ho$ sldgUt Buteo, Lund, 1876 ; Milne-Epwabds in Recherches 
Anatomiques, dc., des Oiseaux Fossiles de la France, Paris, 1867. 

■ ‘On certain Points in the Anatomy of the Accipitres,’ P. Z, S, 1889, 

p. 81. 
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there appears to be an accessory tendinous origin from the 
humerus. The pectoralis primus is commonly divisible 
into two layers, but not in Milvago and Dnjotriorchis. 

The deep flexor tendons of the foot belong in the 
majority of species to type described above on p. 101. But 
there are a few variations of the t 5 rpical arrangement. In Astur 
tibialis the slip to digit II. is present, but it is very small. 
In Baza, on the other hand, the vinculum is alone present, 
there being no special slip to the tendon supplying digit II. 

In Dnjotriorchis spectahilis, Vultur auricularis, and 
Milvus ictinus, the fibres of the vinculum are perfectly 
continuous with the slip to digit II., and form with it one 
single band of connection. 

Both peroneal ^nuscles appear to be present in the 

Accipitres. 

All genera have the amhiens and the femorocaudal. In 
Falco and Circa s via liras there is also a slender semi- 
tcndinosus} Glutccus I, is generally absent, glutccus V, 
commonly but not always present. 

The syrinx of the Accipitres is of the ordinary tracheo- 
bronchial form. 

In Falco percgrinus the intrinsic muscles are inserted on 
to a transversely elongate fibro-cartilaginous bar which runs 
across the interannular membrane of bronchial semi-rings 
1 and 2. This membrane is very wide, owing to the fact 
that the first bronchial semi-ring is much arched, the con- 
cavity being downwards, while the second semi-ring is equally 
arched, but the concavity is upwards. None of the tracheal 
rings are fused, and the last gives rise to a pessulus. F, 
candicans,F. lanarius, F.hiarviicus, F. Feldeggi, F.cesalon, 
F, sacer are perfectly similar, and the bronchidesmus (in those 
specimens in which it had been preserved) is complete. 

Much like the syrinx of Falco is that of Hieracidea 
berigora ; I can, indeed, detect no differences. So too 
Tinnunculus alaudarius and Erythropus vespertinus. In 

‘ Forbes in a MS. note records whnti call * semitendinosus’ in Microhm'ax 
coertilescens as a product of the division of the semimembranosus on account 
of its origin from ischium and pubis. 
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Milvago cliimango and Jlf. chima-chima the syrinx is at first 
sight perfectly similar, but the intrinsic muscles only just 
get beyond the first bronchial semi-ring. In Herpetotheres 
cachinnans this divergence from the normal falconine 
syrinx is carried still further, the intrinsic muscle being 
attached to the first semi-ring. 

The sjurinx of Pohjborus hrasilicfisis is an exaggeration of 
the falconine t j^e. The first and second bronchial semi-rings 
are very prominent and wide apart, thus leaving a very 
spacious interannular membrane, to which the intrinsic 
muscles are attached. The last few tracheal rings are fused 
mesially in front and behind. The remaining forms, so far 
as I have studied them (comprising the genera Melierax, 
Nisaetus, Gijpaetus, Thrametus, ButcOy Milvus, Spizaetus, 
Uruhitiiigay Haliaetusy Vultury Spilornifiy Mo)plinuHy Helo- 
tarsuSy LeucopterniSy CircuSy Aquilay CircaetuSy GgpSy Archi- 
buteOy GeranoaehtSy and Asturina)y differ from each other 
in details — such as the completeness or incompleteness of 
the bronchidesmus, the degree of ossification of the rings 
and semi-rings, the number of the last tracheal rings which 
are fused, and the attachment of the intrinsic muscles 
(semi-rings 1, 2, or 3) — but they agree to differ from the 
falcons in the absence of a pronounced oval gap betw^eeii 
the first and second bronchial semi-rings, which gives to 
the syrinx of the falcons so characteristic an appearance. 

The lobes of the liver are subequal, and a gall bladder 
is present. The caeca of the Falconidae are minute. 

Haliaetus albicilla is a fish-eating bird, and for some 
reason birds wdth such habits are furnished with a long in- 
testine, as will be seen from the measurements in the table 
on p. 477. The duodenal loop in this bird, exceptionally, 
is thrown into a series of subsidiary loops, a state of affairs 
which, as it occurs in the remote penguin, may have some 
relation to habits and may not be a character upon which 
stress is to be laid. The greater part of the intestine pre- 
serves the simple archaic form of a number of irregular 
coils ; but near to the caeca are two spirally twisted, elongated 
loops. In other Accipitres it is more usual for the upper 
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loops to be long and twisted, a circumstance which recalls 
the structure of the loops in the stork (see fig. 208, p. 437). 
The following are a few intestinal measurements : — 



Ft. 

In. 


Inches 

Inches 

Serpentarius reptilivorus c? 

6 

G 


3 

•1.5 


7 

9 


4-5 

•25 


6 

8-5 


3 

•25 


7 

() 


4*5 

•25 

Gypagus papa c? . . . 


/> 

1 





4 

10 



Cafhartes at rat us 


4 

1 



Polybi^rus bf'osihensis S 

5 

3 


3 

•5 

Sjmactus coronatus 9 

8 



4 

•12 

,, catigahcsS 

2 

G 


1-25 

•12 

Fnlco bum) tic us v 

2 

3 


2 

•15 

Milvus let inns V 

3 

11 


2 

•12 

Circus Gould i 9 

4 

7-7r> 


2 

•15 


3 

8*5 


2-75 

•25 

Haliaetus albicilla 9 


11 2 


•25 

vocifer S 

8 

7 


2*5 

•15 

Aquila utci'ioidcs 9 ■ 

4 

4 


2 

•09 


The skull of the FalconidcT is described and figured by 
Huxley J Parker, and Shufeldt.^ The palate is described 
as desiuognathous ; but it is always the case that a large 
portion of the maxillo-palatines — the posterior region — are 
not in contact. In two skulls of Loplwactus occipifalis the 
palatal surfaces of the bones were nowhere in contact, and 
were only in contact for a minute space in a skull of Vultar 
cairns. Neither is EJanus desmognathous, according to 
Shufeldt. The maxillo-palatines are large and swollen. 
The vomer is long and knifeblade-shaped ; ^ there is often a 
medio-palatine, for instance in Haliaetus alhicilla, where it is 
embraced by the bifurcate posterior extremity of the vomer. 
The lacrymal is large and has a separate ossification, the so- 
called infraorbital, attached to its posterior extremitj^ in many 

* 111 P. Z. S. 1867. Lmn. Trans. (2) i. 

* * Some Comparative Osteological Notes on the N, American Kites,’ Ihis, 
1891, p. 228; ‘Osteology of Circus hudsonianus,^ J. Comp. Med. 1889. 

^ It has been found to be bifid in front, after the charadriiform plan, in young 
of Tinnunculus (cf. Suschkin, ‘ Zur Anat. u. Entwicklungsgesoh. d. Schiidel d. 
Raubv6geln,’ Anat. Am. xi. p. 767). 
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hawks, for example in Haliaetus albicillay Lophoaetus occipt- 
Circus GouUUy Asturina Natteri, Astiir Norm Hoi- 
rp; in others, such as Herpetotheres cachinnanSy Vultur 
ealvusy the large size of the lacrymal suggests that such a 
bone is present, but ankylosed with the lacrymal. The bony 
nostrils of the Falconida^ are holorhinal, sometimes (e.g. 
Herpetotheres cachinnans) reduced in extent by alinasal 
ossifications ; the long septum between them is more or less 
perfect. The number of cervical vertebras, ribs, fuemapophyses, 
and uncinate processes of a few types is shown in the fol- 
lowing table : — 



( Vrv 
Vi*rt. 


Ribs 

j HiviuajK)- 
j l>hy(.ess j 

1 CDoinate 

1 Prt)c<‘iii*e8 

Her 2 )etothereii each i ti no ns 

13 ! 

is) 

r r' () 

■ C10-D3 

On 3-7 

1 Di'yotr torch is sjM’ciobilis 

14 

(H) 

r + r' + 5 -f r 

C10-I)2 

8-0 

' Circus Gouldi , 

14 

(iO 

V 4- v' + 7 

CIO- 1)4 


I Asturina Katteri 

14 

(tM 

r + v' 6 r r 

C10-D4 


Accipiternisins . 

14 

(10) 

r 4 v' -*■ 7 4 v' 

Cll-1)3 


Astur Novii' HoUanchiV 

14 

(9) 


C10-D4 

3-H 

Lophoaetus occijhtalis 

14 

(9) 

V v' 4 () -1- r 

C10-I)4 

3-8 

Melierax 7nono(frn m miens 

. 13 

(9) 

V - r' 4 6 * V 

CIO- 1)4 

3-H 


The sternum is whole or with one pair of foramina, some- 
times notches, and often only developed on one side. The 
coracoids slightly overlap in DryotriorchiSy HerpetothereSy 
and Melierax ; they do not quite meet in Accipitery Lopho- 
&c. 

Tandion is undoubtedly an aberrant genus, which is by 
several {e.y, Gadow) made the type of a separate family, and 
is thought by some to lead towards the owls. It differs from 
other falcons in having no aftershaft, in its somewhat 
peculiar tensores patagii and deep plantar tendons. 

The tensor patagii brevis has the additional ‘ aquiline ’ 
wristward slip, from the middle of which rises a short 
recurrent slip which joins the insertion of the main tendon. 
The tendon of the biceps muscle is split for nearly its whole 
length. 

The deep plantar tendons are not accipitrine ; they blend 
completely, as in owls, hornbills, &c., the area of fusion being 
ossified. 
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The syrinx is not remarkable in fonn. Anteriorly the 
last three tracheals are fused medianly ; posteriorly the fusion 
is more extensive, and includes the first bronchial semi-ring. 
The second bronchial semi-ring is in front close to the first ; 
behind it is united with the third, upon which latter are 
inserted the intrinsic muscles. 

The skull is accipitrine and not strigine. The descending 
process of the lacrymals, however, is firmly and entirely 
blended with the ectethmoid, but the former bone has no 
backwardly projecting frontal portion, let alone a separate 
ossification at the end of it, such as is met with in some 
Accipitres. The vomer is long and ends in front in an olive- 
shaped swelling which fits in between, but is not attached 
to the diverging limbs of the anteriorly fused maxillo- 
palatines. 

The ring of the is incomplete in the middle line above ; 

there are fifteen cervical vertehree. The lieemapophyses are 
very feeble on the earlier cervical vertebrae ; they commence 
on CIO, where they are double ; they are strong over the last 
cervical and the first three dorsals, where they end. Six 
ribs reach the sternum, of which the first four have uncinate 
processes. Both the tibio-tarsus and the tarso-metatarsus 
have a bony bridge for tendons ; the latter has one behind 
as well as in front. 

This bird possesses a scapula accessoria in the glenoid 
capsule, the significance of w^hich as a point of affinity with 
the owls is marred by its occurrence in toucans, &c. (seep. 192). 
The coracoids slightly overlap, as in some Accipitres. 

Whatever may be thought about Pandion, it is clear 
that the separation of the secretary bird to form a distinct 
family, Serpentariidse, is perfectly justifiable.^ 

Serpentarius has basipterygoid processes, and its muscle 
formula is BXY + . 

The tensor patagii ftrevis is more stork or crane like than 
accipitrine, and indeed resembles Cathartes in the presence of 

* The claims of Polyhoroides to be a member of this family have been dis- 
missed by Milne-Edwards (Hist. Nat. Madagascar) and myself (loc. cit. on 

p. 474), 
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a slip (see fig. 227) uniting the brevis and longus tendon. It 
must be remembered, however, that this also exists in some 
eagles. 

In Scrpentarius there is a longer attachment of the 
deltoid to the humerus than in other birds of prey ; and there 
is an accessory biceps muscle (see fig. 227).^ 



Fio. 227. — Te>’80bes Patagh of Serpentarius (akteu Bei>i>ai{i>). 

t.p.l^ tensor longrus ; tensor brevis ; /ii, biceps ; accessory bleeps : 

Anc^ aucoiueus ; />, <leltoi(l. 


The anconcBus has a very broad tendon of origin from 
humerus. 

In the syrinx a strong box is formed by the last tracheal 
ring, and the intrinsic muscles are attached to bronchial 
semi-ring 2. 

There is a powerful expansor secundariorum. 


* CL Bhinochetus, p. 871. 
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The skull has strong basipterygoid processes. The 
lacrymals are large and extend backwards in close connec- 
tion with the skull wall ; they are not ankylosed to it. The 
descending process is thin and articulates with the slight 
ectethmoid. There is a small knife-shaped vomer. 

The family Cathartidee consists of the genera Sarco- 
rhamphus (condor), Gyparchus (or Gypagus, king vul- 


ture), Cathartes (turkey 
vulture), and Bhinogry- 
phus. They all have, so 
far as is known, the oil 
gland nude, twelve rec- 
trices, no aftersliaft, and 
are aquincubiial. 

The tongue is large 
and fleshy, with denticul- 
ations of its upturned 
lateral margins. 

The stomach is not 
a gizzard. There are no 
intestinal cieca. The in- 
testines are 61-inch in 
Gyparchus, 49-inch in 
Cathartes atratus. Of 
the heart of the condor 
some observations will be 
found above (p. 50) ; both 
carotids are present. The 
liver is equilobed, with a 
gall bladder. There are in 



Fio, 228 .— Skull of Serpentarius 
(after Huxley). 

Pxm, premaxilla : Afrp, maxillo-palatines ; iV, 
IMilatiutj ; Pt, pterygoid ; x, basipterygoid process. 


Gyparchus traces of a crop. 

The most distinctive feature of the Cathartidae, however, 
is the windpipe, from which a proper syrinx may be really 
said to be absent. The only muscles upon the trachea are 
the sterno-tracheales, which (in G, papa) are very short and 
broad, and arise from the sternum in the middle line, close 
together between the inner ends of the coracoids. Intrinsic 
syringeal muscles are entirely absent in the Cathartidae, 

I I 



48a STRTJOTDBE AND OLAI^IHOATION OF BIRDS 

unless, indeed, their hOmolOgues exist ^ in the torm' of a 
muscular covering to the t^minsl purely membranous 
section of the bronchus (fig. 229)r which, dividing into three 
slips, runs from thence to the parietes. There are in any 
case no muscles at the actual bifurcation. Nor is there any 
change in the character of the rings themselves such as to 
suggest 'evmi the rudiment of a syrinx. In CatharUs 
the rings at the bifurcation are extraordinarily thin, leavn 
ing wide membranous intervals, which are occasionally 
traversed by bridges putting successive rings into communi- 
cation. In Sarcorhamphus and Gyparchus, which also agree 
(see below) in their ‘muscle formula,’ the rings are thicker 
and closer together (see fig. 229). And in these two genera 
the bronchi are incomplete internally, giving, rise to what 
may be termed a membrana tympaniformis. 

In Gyparchus papa the tendons of the patagium are 
somewhat complicated. The brevis consists of a separate 
anterior and posterior section, of which the latter is thinner 
and more diffuse. The anterior tendon divides into two, 
of which the foremost gives off a slip to the longus. There 
is no hieeps slip. The tendons, in fact, are thoroughly 
stork-like, as are those of the condor (Sarcorhamphus) 
and Caihartes. In this character the family is very uni- 
form. 

The expansor secundariorum is present in all. 

The pectoralis primus is well divided into two parts, of 
which the lower (in G. papa) is inserted by a thin round 
tendon altogether below insertion of superficial layer. The 
head of the anconaus is distinctly bifid and entirely tendinous, 
arising from scapula and from supinator muscle. There is 
a hTimeral slip of moderate size. (This muscle is described 
&om Caihartes.) 

The anthiens is present in all Cathartidss ; so too the 
semitendinosus and its accessory. Caihartes has in addition 
the femoroeaudal, which is absent in the other genera. In 
Gyparchus ( ? as to the others) the senUtendinosus and 

' Bipp*M > ,‘Kqtl< on the Anetomy ^ Cond^' P, Z. 8. ISM, |k 146. 
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memhranoms are inserted in common. There are two 
peroneals (at any rate in Cathartes), The deep flexors are 
fused before ori^n of four slips to four toes. 

The glutcBus I, covers over biceps, and glutaeus V. is 
present. 

The skull of the Cathartidee has basipterygoid processes. 
It is desmognathous, but the desmognathism is totally 



Fig. 229. — Windpipe op Condob (afteb Fig. 280. — Skull op CatharUs 
, Beddabd). aura (afteh Huxley). 

fV, trachea ; op, oesophagrue ; 0, ostia of lungs ; «, Pmx, premaxilla ; 3fxp^ maxlllo>pa^ 
septa between air sacs ; m, musoles ensheatbing end tines ; Ph palatines ; iY, pt^ygoid : 
of bronchi, S, ossifled septum ; r, basipterygoid 


different from that of other vultures and hawks. The 
maxillo-palatines proper (see fig. 230) are very far indeed 
from meeting in the middle line ; indeed, they only just get 
beyond the shelter of the palatines. But a flat dorsal pro. 
cess of each of these bones (8) meets and is oo-ossified with 

1 I 2 
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the nasal septnin in the middle line. In Oyparehus papa, at 
my rate, there is a small medio-palatine. The lacrymal (at 
least in Cathartes atratus) is a smallish bone completely 
filling a notch in the frontal margin ; its descending process 
ankyloses with the ectethmoid, forming the usual ring. In 
Oyparehus papa the orbital portion of the lacrymal is greatly 
reduced ; the nostrils are not so elongated as in Cathartes ; 
the palatal bridge is more plainly an alinasal fold. The 
bony nostrils are holorhinal, but much more elongated than 
in the Falconidee ; there is no trace of an ossified intemarial 
septum. 

Of fossil Accipitres the remains of a number of different species 
have been found. The most interesting of these, on account of its 
age, is the Lithomis vulturinus of Owen,' from the London clay. 
It had been held to come nearest to Cathartes, an interesting fact 
in view of its occurrence in this country ; but Lydeekeb regards 
it as clearly accipitrine and allied to Accipiter and Circus. Har- 
pagomis,^ from the Pleistocene of New Zealand, was a large bird, 
one and a half time the bulk of a golden eagle, also belonging to 
the same- division of Accipitres. Teracus and Palmohierax are 
extinct genera from the lower Miocene of Prance, known only by 
femur and tarso-metatarsus respectively. They are also probably 
true falcons. Serpentarius is known by an extinct form, S. rohustus, 
from the lower Miocene of the same country. 

The following table shows the main differences between 
the several families of the Aodpitres : — 


- 

PalooDlde 

Serpentarllto 

Cathartide 

Aftershaft 

+ 

1 

1 

1 

•f 


Oil gland 

Tufted 

Tufted 

Nude 

Muscle formula 

A + 

BXY + 

(A)xy+ 

Accessory seniimemh. 

+ 

- 

— 

Caca . . . . I 

+ (rud.) 

+ (rud.) 


Syrinx . . . . j 

Traoh.-bronoh. 

Trach.-bronch. 

— 

Basiptproc. . . . ; 


+ 

•+* 

Desmognaihient , . . Of maxillo-pal. | 

Of max.-paL 

Of alinasals 


* *De8ecipti<m the Fossil Bemains of . . . aBird (IMhornis vitUttrimts) 
from the Loi^ini Clay,’ Tram. OsoL 80c. (2), yi. 1841, p. 206. 

* Ot Haast in Trans. N. Zealand Inst. ir. 1871, p. 192, and ibid. vL 1874, 
p. 64, and Owzn in Emtmet Birds ef New Zealand. 
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It is clear from the few characters — the principal ones, 
however— given in the above list that the Cathartidse are 
more aberrant (considering the Falconidse to be the typcal 
birds of prey) than are the Serpentariidse ; for the 
Cathartidse diverge in all eight characters from the Fal- 
conidse, while the secretary vulture only diverges in three. 
What reason is there, it might be asked, to retain the 
American vultures within this order at all, particularly 
if the owls are to be — as I think they should — excluded ? 
The only group which has the distinctive characters of the 
Cathartidse (besides, of course, the present group) is that of 
Herodiones. There only do we find birds with ambiens and 
expansor secundariorum, without biceps slip, holorhinal, and 
with rudimentary or absent cseca. The Steganopodes also 
are not far off. It really comes to the beak and claws, the 
ceroma, and to the presence of various structures (e.g. the 
peculiar palate, the basipterygoid processes) which forbid 
their association with the Herodiones. The several groups 
are not far off, but on the whole the American vultures are 
more like the remaining birds of prey than like the stork 
tribe (see also under the discussion of the affinities of the 
Orues, p. 382). 


TIN AMI 

Definition , — Oil gland tufted. Quintooubital. Muscle formula of 
thigh, ABXY + . Expansor secundariorum present. Biceps 
slip absent. Both carotids present. Large cssca and crop. Skull 
dromasognathous. Tail short without ploughshare bones. Bones 
of pelvis free distally. 

The tinamous are purely South American birds, of which 
in his recent catalogue Count SiUjVADOBi allows nine 
genera. <■ 

The tinamous have a tufted oil gland, but the tuft is often 
very minute, and in. Cahd^omas elegam consists of only four 
feathers, two larger and two smaller, the larger ones:beh:^ 
uppermost. 

I take my account of the pieryhaia of the tinamous from 
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Ptbcbaft’s cafeful deacriptiou * of Calodromas (which I can 
confirm) and Bhynchotus rufescens. In the former bird the- 
body is fairly covered with feathers, the apteria being narrow. 
There is no down save on the wings. The spinal tract soon 
divides into two ; but they rejoin near the base of the neck. 
These tracts again divide and reunite some way in front of 
the oil gland, enclosing thus a dorsal apterion. The ventral 
tracts also divide early upon the neck, and each of them 
again divides on the pectoral region into a stronger, outer, 
and a somewhat weaker, inner, tract. Until about halfway 
down the neck the dorsal and ventral tracts are in contact. 
In Bhynchotus rufescens there is no spinal apterion. The 
aftershaft is much more rudimentary than in Calodromas, 
where it is well developed. Both birds have ten feebly 
developed rectrices. Bh. perdicarius has eight. 

The aftershaft is apparently in the process of disappear- 
ance among the tinamous. In Nothocercus, writes Mr. Pye- 
CBAFT, ‘ it is evidently degenerating, inasmuch as the shaft 
is almost, if not quite, obsolete, only the rami remaining.’ 
In Tinamus solitarius the aftershaft is absent. Powder- 
down patches exist in a few tinamous. They occur, for ex- 
ample, in Tinamus major. In Crypturus tataupa the powder- 
down patches extend down on each side of dorsal tract from 
a little in front of humerus nearly to oil gland. After the 
end of the scapula they thicken and spread outwards as far 
as the head of the femur, and are in contact for nearly two 
inches along mid-line ; they then narrow again and terminate 
half an inch in front, and slightly to the side, of the oil 
gland. 

Bhynchotus perdicarius has apparently no powder- 
dbwns. 

The tongue of the tinamous is small and triangular in 
f(nm. The crop is present and large. The proventriculus 
is zonary ; the liver subequilobed, with a ggll bladder. 

The following are measurements of the alimentary 
canal : — 
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8. 1. - 

" * L. I. 


Cf^urua tataupa 

19*75 

8-75 

2*5 


r- 



M ohsoletm 

84 

8*3 

H aaUcBi . 

26 

2-5 

4 





Bhynchotus rufescens 

42 

8-6, 9*5 

Nothura maculosa . 

w 

3 

5 





Tinamus solitarim 

73 

4*5 


The coRca, it will be observed (fig. 231, p. 488), are well 
developed, particularly in Bhynchotus rufescens ; they are 
also large and very peculiar in form in Calodromas} The caeca 
of this bird are not merely much wider than is customary, 
but they are beset with numerous small diverticula, which 
diminish in size towards the apex of the caecum. These 
peculiar caeca are absolutely unique among birds, and nothing 
at all like them has been described in any other tinamou. 

A curious feature of sit any rate some tinamous (shared, 
however, by the Anseres, Palamedeidae, some gallinaceous 
birds, and perhaps Toccus) is the existence of two pairs of 
extrinsic muscles upon the trachea. In Crypturus tataupa 
one of these pairs is stouter than the other, and they are both 
lost on the fascia covering limgs. This genus has no intrinsic 
muscles. 

In other tinamous intrinsic muscles are present. 

In Calodromas elegans the anterior face of the lower part 
of the trachea (about an inch in length) is covered with a 
sheet of muscle, which is the extrinsic muscle, and probably 
(judging from the conditions which obtain in the female) is 
attached to the long fascia. The very broad intrinsic mus- 
cles underlie this, and are inserted a long way down the 
bronchus to the four or five rings following the third. When 
viewed latert^ly the curvature of the lai^ four tracheal rings 
is seen to gi|adually increase ; there is thus a considerable 
membranous^ interval left between the last traoheal and the 
tot bronchial, which is straight. The inembrana tympam- 
ibrnpB is narrow) , In the Hen bird ih^ extnQsic ihusc^^ 

BiNDbiBDi i Ou the OeBOCb of Calodromas^^ ihts, 18 ^, p. 61 . 
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small, and do not form a sheet of muscle covering the end of 
the trachea. 




Fta. S81 ,—Omca or jQalodtvmM dtgam (atob Fio. 3S8. — CAqa or No- 
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In Tinamut soUtarma the intrinsic muscles are large and 
are inserted upon the fifth or sixth bronchial semi-ring. In 
Bhynchotua rufeacena they are also large, but attached 
higher up. 

The nmaclea ‘ of the tinamous are remarkable on account 
of their soft texture and pale colour. The pectoralia I. is 
very large and meets its fellow of the opposite side and for 
a considerable portion of its extent. The actual junction of 
the fibres is prevented by a fibrous septum, which is a con- 
tinuation of the Carina stemi. The second pectoral is also 
large. The tensor patagii tendon is a broad diffuse band, as 
in gallinaceous birds ; it has no biceps slip unless a muscle 
that will be referred to in connection with the biceps 
immediately really represents this. The biceps itself pre- 
sents no remarkable features, but a kind of accessory biceps 
runs along the front of the humerus, which is quite distinct 
from the biceps proper ; I have found this both in Calo- 
dromas and Bhynchotua. This is regarded by Fubbringer 
as part of the coracobrachialis externus. 

In Crypturua (as also in gallinaceous birds and sand 
grouse— a noteworthy fact, perhaps) the pectoralis abdomi- 
nalis has a remarkable ending. 

Instead of being inserted directly upon the humeral crest 
it ends upon a tendinous bridge, to which are also attached the 
pectoralis, the latissimus dorsi posterior, and the expansor 
secundariorum. 

The tinamous have the gallinaceous muscle in the fore 
arm and the expansor secundariorum. The anconaus has a 
humeral slip. 

In Crypturus tataupa and Nothura maculosa at any rate 
the expansor secundariorum ends in a tendon which is 
inserted on to the scapula on the one hand and the manu- 
brium stemi on the other. * 

The tinamous have the complete muscular formule of 
the leg, i.e. ABXY-i-. 

' A1.IZ, * Sat la Myologie da Bhynchahu rvfeaetm,' Joum. de Zool. ▼. (1976)^ 
9 . 411. * Mdmoiie 8 fit i’Ostiidagia et Jf 7 ol(%ie da Ncdimra ^oum. 
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The gUtim L~V. are well developed. A very iatoresting 
f^tare of the thigh muscles (referred to by Gabbod *) is the 
eadstenoe of a small ‘ suprasciatic * slip of muscle arising 
behind the acetabulum, which reinforces the accessory 
femorocaudal. The interest of this small muscle lies in the 
fact that it has its precise counterpart in the struthious birds 
(q.v.) This muscle was found by Fobbes to be absent in a 
male Crypturus tataupa ; it was present 
in a female of the same species. 

The two deep fiexor tendons fuse and 
then supply digits II.-IV. ; before uniting 
the flexor hallucis gives off a slender slip 
to hallux, which is wanting in Crypturus 
undulatus. 

The skull of the tinamous, as was 
first pointed out by Pakkeb,* is com- 
pletely ‘ struthious ’ so far as concerns the 
palate. As wiU be seen from the annexed 
cut (fig. 233) the vomer is broad and unites 
in front with the maxillo-palatines, as in 
Dromaus. Its ends receive behind the 
pterygoid and palatines, which are thus 
prevented from articulation with the 
basisphenoidal rostrum. There are large 

basipterygoid processes and the head of , 
Fio. 28S.— Skuu. of ^ ^ 41 ■ 

\us robustut l^he quadrate is single, as in struthtous 

Huxlbx). birds. The supraorbital chain of bones 
figured by Pabkeb in Tinamus robustus 
is another archaic skull characierof these 
birds.’ The nasals, lacrymals, and 
adjoining bones are very much like those of Bhea and not at 
all like thoM of gaUinaceous birds. Between the nasals 
posteriorly is a considerable tract of ethmoid,’ appearing 

■ * On eertain'lIiuelM of of Birds,' fte., P. Z. 8, 1878, p. 643. 

* ‘ On the Oiteology of OalUiuueous Birds and Tinamons,’ Zocd. . 

* Ahmit, aooording to Loess (‘ Notes on the Osteology of the Spotted 

Tinamotr,’ Prde.'n,.8. Nof. Ifna p. 157), in Nafhwn mMufoto. 

■ * ia 1863 (lop. ioif. p. Stt): 3l snn^-tbatiaihdtina* 

man, as in otiiar ostriches, the broad top of the eUunold is separately d«n«lope4 
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upon the surface of the skull. The outer descending part of 
the nasal reaches the maxilla, and with the upper part of the 
bone encircles the holorhinal nasal foramen; it is noi 
ankylosed with the lacrjunal. The latter descends and 
articulates with the jugal by a very distinct facet, especially 
distinct in Bhynchotus rufescens. The bone also Incomes 
fused with the lateral wing-like process of the ethmoid, 
forming a complete ring of bone round a relatively very 
wide foramen. A special point of resemblance to Bhea and 
Dromaus is the perforation of the descending process of the 
lacrymal itself. This is best seen in Bhynchotus rufescens ; 
in Calodromas elegans, Nothura maculosa, and Crypturus 
tataupa, there is merely a notch which in the fresh skull may 
possibly be converted into a foramen by a ligament.' 

Furbeingeb gives 16-18 as the number of cervical 
vertebra. The cup of the atlas is perforated for the odontoid 
process in Crypturus, Bhynchotus, and Nothura. As in 
the gallinaceous birds, &c., some of the dorsal vertebrae are 
fused together. In Tinamus solitarius this was the case with 
the first three and to a less extent with the last cervical. In 
Nothura maculosa five vertebrae were thus fused, and a 
strongish longitudinal piece of bone, formed of ossified liga- 
ment, connected their transverse processes. In Crypturus 
tataupa there were four vertebrae fused and one in front 
.partially so. Four ribs reach the sternum in Tinamus 
solitarius. The sternum of the tinamous is very remarkable 
in form. The manubrium is slightly bifurcate ; the middle 
portion of the sternum, which bears the keel, is exceedingly 
narrow, and a wide space is left on each side between it 
and the lateral processes, which are thin and as long as: 
the middle piece. The anterolateral processes are weE 
developed. 

The pelvis is so far on the struthiotte pattern that the 

by a long piece growing from above downwards between the anterior ends 
of the frontals. No eutnre remains to tell me that; but if it be so all is 
perfectly sfrufhtow, for those birds differ in this from all others examined 
by me.’ 

‘ This, however, is not a unique tei^axe of the birds in question. Itooouis, 
iotejsaaTfi6,inT<m(aiutmiXm»hynohua. 
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three bones do not fose posteriorly ; the pectineal process is 
large. 

There are at most faint traces of a ploughshare bone. 

In Crypturus the clavicles come into contact with the 
acrocoracoid and the scapula, but not with the small pro- 
coracoid. 

The two coracoids are not nearly in conta,ct at their 
articulation with the sternum. 

The only birds with which the tinamous have been com- 
pared are the ostrich tribe, the gallinaceous birds, rails, 
bustards, and some of the Limioola. Faskeb saw in the 
tinamou a ‘ cock ostrich mule ; ’ and perhaps the prevalent 
opinion is that they lie on the confines of these two groups- 
It is unquestionably to the Struthiones that they show the 
greatest number of important likenesses,^ so much so, indeed, 
that their inclusion in one great group with them would be 
by no means an unreasonable way of disposing of them. 
The salient points of resemblance are by no means confined 
to the skeleton, but the most numerous resemblances are in 
that part of the body of the birds. The skull, with its 
‘ dromssognathous ’ palate, is strikingly like. The appearance 

the ethmoid as a median ossification of the skull roof is 
struthious, but it also occurs, though not so markedly, in 
GaMus and (according to SelRbka) in the Caprimulgidse. It 
is very conspicuous in the tinamou and the Sbrnthioiiei. The 
open pelvis is especially like that of Apteryx. The single- 
beaded quadrate is struthious; but, as already mentioned, 
the struthious birds are not uniform in this character. 

The sternum, with its antero-lateral and postero-latersd 
pax)ceBBes, recalls that of Apteryx, in spite of the enormous 
length of these parts and a consequent superficial dissimi- 
larity. The absent, or rudimentary, ploughshare bone may 
perhaps be passed over as comdated with the imperfect 
flight. As to the soft parts, the peculiar additiontd accessory 

< A afagniM- if Imb importaat UfceiWM ihaa Mm* ntnUoudsbov* hM bam 
leinnd to bgr Mr. Babtlkix (‘ Note* on the Breeding of MTeral Speoiee of Birde;! 
40., J>.^. 8.1MB, p. 114).. i»bi Bkip$e4otm laootatee^ as in 

the atmfhiam, while tiie ehlok » maeh .reriwiMei fce yrwag. of a ; 



TINAMI 


498 


femorooatidal muscle is a strikiDg resemblance to the Stni- 
thiones; the peculiar accessory biceps muscle of the arm 
may have its degenerate counterpart in a sheet of strong 
tendinous tissue which runs along the humerus in certain 
ratites. 

The following table shows some of the more striking 
likenesses of the Tinanii to the Stmthiones and Galli ; — 


- 

Tinami 

Stmthiones 

GalU 

Skull 

DromaBognathous 

Drom. 

Schizognathous 

Pelvis 

Bones free 

Bones free or 
but little united 

Ischia and ilia 
fused posteriorly 

Oil gland . 

Tufted 

0 

Tufted, or nude, 
or 0 

Bemex V,, 

■ + 

+ ? 

+ 

Leg muscles 

! ABXY 4- 

(A)BXY( + ) 

(A)BXY + 

Sujprasciatic muscle . 

+ 

4- 

0 

Entepicondijlo-ulnaris 

+ 

i In Apteryx 

+ 

i Trachea . 

i 

1 

i Sometimes with 
two pairs ex- 
trins. muscles 

i Only one pair 

Sometimes two 
pairs 


STRUTHIONES 

Definition, — Flightless birds without stiff oontour feathers. Oil gland 
absent. Wing small. Expansor seoundariorum and biceps slip 
absent. Bemitendinosus and its accessory always present. An 
additional slip to accessory femorooaudal present. Bhull 
dromnognathous with basipterygoid processes ; holorhinal. 
Sternum without a well-developed oarina. Coraoo-soapular 
angle wide. Ck)raooid fused with scaptila. Caeca large. 

As will be seen from the above definition, the characters 
of this group are to a considerable extent negative characters. 
They are for the most part such characters as are correlated 
with the loss of the power of flight. We need not, therefore, 
lay too much stress upon them as indicative of the natural- 
ness of the group. But even when these characters (as, for 
instance, the absence of the oarina sterni, the open angle 
between the coracoid and scapula, the absence of a plough- 
share bone, which, moreover, is occasionally and exception- 
ally present. There is a skeleton, of an old Struthio in the 
Cambridge Museum in which several of the last vertebrae 
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axe fused) are set aside as comparatiTdy valttelesB as marks of 
near relationship, there remain enough anatomical resem- 
blances to justify the older view that all these birds are but 
members of one and the same group. FObbbinoeb has 
denied this in his ‘ Untersuchungen,’ and places Apteryx, 
together with the Dinornithidse, apart from the other stru- 
thious birds, and has again separated Struthiiformes from 
Bheiformes and Casuariiformes, deriving all from different 
levels of the ornithic tree. There is no doubt that the 
various types of struthious birds do require separating into 
at least six families ; but the likenesses among them appear 
io me to forbid any wider separation. The close resemblance 
of the palate throughout the group, so far as we know it 
(Mpyornis is not known), is a strong reason for associating 
them together ; perhaps even the osteological and other 
characters, which, as already suggested, are but evidence of 
the loss of the flight power, may be of more importance as 
an argument for affinity than is generally admitted ; it may 
show that they are alhed, because the degeneration has pro- 
ceeded along the same lines. There is, it is true, not a great 
deal of evidence in favour of this view ; but we have the 
penguins also with a degenerate wing, in which the modifi- 
cations of structure ’ have progressed along different paths. 
They have, for example, lost the biceps, which is present in 
all Stmthionei, while the feathers of the wing are equally ^ 
inefficient as aids to flight with those of the Stmthiones, but 
are quite unlike them. The peculiar muscle of the thigh, 
which will be found described as an adjunct of the accessory 
femoTOcaudal, is one of those apparently small facts of struc- 
ture which, on account of their \ery minuteness, seem of 
importance as a mark of true relationship. 

The fact that all of the struthious birds have large or 
moderately developed csca is further evidence of affinity. 
It might be thought that the usual absence of the oil gland 
was one of those characters affording clear evidence of degene- 
ration ; but its capridous appearance and disappearance in 

> Sm, b«>w*ret, tbe qoslif^ing ramark* with regard to the wings of ApUrym 

009.499.' 
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other biriclB ft^bid us to assume this without any further 
argument. 

While the Struthionas present collectively and individually 
a larger number of important differences from other birds, 
their organisation is essentially on the plan of that of the 
remaining members of the class. To take only one — at the 
same time one of the most striking — of these correspondences 
in anatomical structure, the respiratory organs may be con- 
sidered. It is hardly too much to say that there are not even 
differences of detail in the arrangement of the lungs and air 
sacs among the struthious birds. Professor Huxley ex- 
ploded some years ago the idea that the oblique septa of the 
Apteryx were more like the mammalian diaphragm than the 
corresponding structures of other carinate or ratite birds. It 
is inconceivable that there should be this minute correspond- 
ence of detail with detail, if we are to assume with some 
that the struthious birds have arisen from a totally different 
stock from that which produced the carinates. They would 
derive the former from the dinosaurs and the latter from the 
pterodactyles. 

The existing struthious birds are the genera Struthio, 
Afro-Arabian in range ; Bhea, South American ; Dromceus, 
Australia; New Zealand ; and CasMarws, Australian 

region. The structure of these living members of the group 
will be considered first, after which some account will be 
given of the DinomithidsB and other extinct and undoubted 
members of the group, as well as of a few dubious forms 
which have been placed here — rather because they do not 
definitely fit in anywhere in particular than from their 
obvious affinities with the StrafhioneB. 

The genus Struthio appears to contain two species, the 
more common Struthio camelus and the Somaliland S. 
molybdophanes. The ostrich has two toes. Nos, III. and 
IV. There is no oil gland. The pterylosis, continuous in 
the adult bird, shows two distinct apteria in the embyyo, as 
has been shown by Miss Lindsay.* In the young chick 

> <OA'the Avian Sternum,’ P, Z. S. 1886, p. 684, See also W. Makiwai.t., 
‘ Beobachtungen fiber das YerMltnlss der Fedem,’ Ac., Zool. Oart. xvi. (1876), 
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a ventral aptmon in the sternal region and a lateral 
apterion ontside each half of the ventral tract. The adult 
ostrich has a claw on each of digits I. and II. The arrange- 
ment of the wing feathers has been carefully worked out by the 
late Mr. Wrat.^ He finds the remiges to be quite distinct, 
as well as the tectrices majores ; the tectrices medise are but 
scantily represented, and there is an incomplete row of 
tectrices minores. The number of remiges upon the hand, 
including one Upon the carpus, is sixteen. There are four 
to the ala spuria. The number of cubitals is about twenty. 
It has, therefore, more primaries than any bird except the 
penguin. 

The genus Apteryx, entirely confined to New Zealand, 
consists of three or four species, viz. A. australis, A. Mantelli, 
A, Oweni, A. Haasti, and A.Bulleri. 

It has been described as possessing a continuous, un- 
interrupted plumage ; but this, according to T. J. Parker,* 
is far from the truth. ‘ In a fresh specimen of A. Bulleri,’ 
he remarks, * I find the lateral apterium to be fully 2 
cm. wide, and to extend about 5 cm. cephalad and 9 cm. 
caudad from the axilla, its total length being, therefore, 
about 14 cm. In the same specimen the ventral or inferior 
space was of about equal width (2 cm.), and extended about 
11 or 12 cm. caudad from between the origins of the wings. 
Moreover the inner (ventral) surface of the wing is always 
nearly devoid of feathers and so constitutes a well-marked * 
lower wing-space.’ 

The oil gland is present and the feathers have no after- 
shaft. 

The relatively minute wing of the Apteryx has a true 
alar membrane U^ich, as Parker has justly pointed out, is 
further evidence idt regarding this bird as the derivative of 
a form. 

p. 121, and Zandxb, ‘ fiber das Qefieder des afrikanischen Strausses,’ SeH/r. 
phys.-0k. Oes. EJOmgsh. sxix. 1889, SB. p. 81. 

I < On some Points in the Morphology of the Wings of Birds,’ P. Z. 8. 1887, 
p.848. 

' ‘Observations on the Anatomy and Development of Apteryx,' Phil. Tram. 
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Though no rectrices can be distinguished, thefe we 
recognisable remiges. Pabkee counted nine or ten cnbitals 
and two or three metacarpals and a single mid-digital ; there 
are also tectrices majores. An extraordinary peculiarity of 
Apteryx is the situation of the nostrils near the very end of 
the beak. 

Of Casuarius there are some ten species which are found 
in several of the islands lying to the north of the continent 
of Australia, such as New Britain, Ceram, &c., as well as' — 
one species, Casuarius australis — in the north of Australia 
itself. They are remarkable externally for their black 
coloration, brown in the young, and for the homy casque 
upon the head. The neck is naked and adorned with 
bright colours, in which blue is especially prominent, and 
there are often dependent folds of bright-coloured skin in 
this region. The feathers have an aftershaft as large as 
the feather itself ; the rectrices are unrecognisable, but the 
remiges are present in the shape of long spines which corre- 
spond to the stems of the feathers. The claw of the inner 
of three toes is very elongate. 

The emu, Dromteus,^ is entirely Australian in range, and 
contains two species. This genus, a^eeing with the casso- 
wary in laying a green egg, has no helmet or wattle, or stiff 
spines upon the wing. It has, however, like the cassowary, 
a large aftershaft. 

The fourth genus of Struthiones is the South American 
Bhea, of which three species are recognised. These have 
been carefully compared by Gadow.® The genus is cha- 
racterised, so far as external characters are concerned, by 
the want of an aftershaft and by the feathered neck — not 
naked, as in the ostrich ; it lays a yellowish white egg. The 
Bhea is three-toed. There is a distinct ventral apterion 
running from sternal callosity to vent.* ♦ , 

’ ' O. Duohajip, ‘ Observations but I’Anatomie du Dromaus,' Ann. Sci. Nat. 
(5), xvii. 1873. 

^ ^On the Anatomical Differences in the Three Species of Bhea^' P. S* 
1885, p. 808. 

* ‘A. Boeckino, De' Bhia Americana, Dies. Inaug. Bonn, 1868 r F. 

K K 
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StriUhio has been {ound fossil in the Siwalik HiDs, in South 
Bussia and Santos. Bhea is found fossil in America (South). 
Ltobkeeb considers Hypselomis sivalensis^ whose place of inter- 
ment is indicated by the name, to be an emu. It is only known 
from the second phalanx of the third digit of the pes. 

Genyomis Newtoni, from Australia,' with a skull a foot long, 
seems to have been a gigantic emu. But it has not as yet been 
fully described. 

Dasomis londinensis (from the Eocene clay of Sheppey) is 
placed by PfiRBEiNQEB among the Batites, rather in deference to 
the opinion of Sir E. Owen ^ than from conviction. Gadow, on 
the other hand, places it among Stereomithes. It is only known 
by a water- worn skull fragment, indicating a skull as large as that 
of the DinomithidsB. It seems useless to speculate upon the 
affinities of this fragment. 

Macromis of Seeley must remain for the present a name. 

In surveying the rrmscular system of the Stmthiones * it is 
clear that, so far as concerns the muscles of the manus, 
Apteryx is, in accordance with other reductions in the bones 
of that limb, the most degenerate type. On the other hand 
(assuming, of course, the derivation of the Struthiones from 
some carinate form) the shoulder girdle of Apteryx has 
retained more of the primitive musculature than the other 
genera. 

In all the genera the follovring muscles have disappeared : 
the pectoralis propatagialis, biceps propatagialis, deltoides c 
propatagialis,* deltoides minor ^ scapulo-humeralis anterior^ 
expansor secundariorum/* 

The pectoralis major is in aD very reduced. 

All the struthious birds except Apteryx have also lost the 

viN Bexmelek, ‘Onderzoek van een B^a-Embryo,* Tijd. Ned, Dierk, Ver, 
1688, p. ccv. 

• Stibliko and Zibtz, ‘ Preliminary Notes on Oenyomia,^ drc., Tr, Boy. Soc. 
8, Australia f xx. 

• On Dinomis (part xiv.), Tr. Zool. Soc. vii. p. 146, pi. xvi. 

• Oadow, Zur verglekhmden Anatomic der Muskulatur des Beckens und 
der hinteren GUedmdsse der Batiten. Jena, 1880« 

. , * In Apteryx some elastic tissue in the patagiom possibly represents this. 

• Traces have been asserted to exist in Apteryx and Dromeeiu^ but require 
confirmation. 
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serratus metapatagialis, the^latissimus dor si metapatagialis , 
and ih&pectoralis abdoimnalis. 

On the other hand Apteryx has lost what the other 
struthious birds have retained, the latissimus dorsi anterior 
and the rhomhoideus profundus ; the latter muscle, however, 
is not distinguishable in the cassowary. 

It must be admitted, therefore, that Apteryx, so far as 
concerns the anterior extremity, has diverged from the 
hypothetical ancestral condition in slightly dilfferent lines from 
other Struthiones. 

In the cassowary ‘ both rhomboidei are present, but they 
originate from ribs and not from the cervical vertebrse. 
The rhomhoideus profundus is parallel with and hardly dis- 
tinguishable from a portion of the serratus profundus ; hence 
FCrbringee is indisposed to admit the existence of a sepa- 
rate rhomhoideus profundus. 

The serratus superficialis consists of two separate fan- 
shaped bands of muscle. The coraco-brachialis internus is 
entirely converted into tendon. The biceps originates only 
from the coracoid, and ends without being definitely split 
into two tendons upon both radius and ulna. There is only 
one scapulo-humeralis muscle, which is, however, of fair 
size. 

The subscapularis is a single-headed muscle arising from 
^he scapula only. 

The anconceus has a single origin from the scapula, and 
has no attachment to the humerus. 

In the hind limb all five glutcei are present ; they are all 
large, especially gl. I. and gl. V. The ambiens is absent as 
a rule ; it is occasionally present, but is then imperfect, 
reaching only as far as the knee. The semitendinosus and 
its accessory are well developed. The femorocaudal is a 
small slender muscle ; it is inserted in common with the 
accessory, which is enormous in size. In Casuarius Bennettii 
at any rate there is an additional adductor of peculiar origin ; 
the muscle is two-headed, one head being a tendon which 

^ J. F. Meckbl, * Beitrage zur Anatomle des indisohen Oasuars/ Arch. f. 
Anat u. Fhya. 1880, p. 200, 1882, p. 278. 
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springs from the muscular fibres of the accessory femoro- 
oaudal, the other fleshy and springing from the pelvis 
just behind the acetabulum. It is inserted along the femur 
below the vastus intemus and over the conjoined femoro- 
caudals. 

In Struthio the rhomboideus superficialis arises, as in 
carinate birds, from the spinous processes of the vertebrae 
(1-3 cervicals) ; it is inserted only on to the scaptQa. The 
rhomboideus profundus arises from the spinous processes of 
the last cervical and first dorsad vertebrae ; it is inserted on to 
the end of the scapula. The serratus superficialis of Stru- 
thio is a single muscle arising as two or three bands, either 
from the last cervical and first dorsal rib or, in addition, 
from the second dorsal rib. It is attached to the ventral 
border of the scapula. The serratus profundus is divisible 
into a more superficiad and a deeper layer; the former is 
the less extensive, and arises either by a slip from the rib 
of cervical vertebra 19, and by two slips from the last 
cervical rib, or by two larger slips and one very small one 
from between the last cervical amd the first dorsal rib, amd 
from the latter ; they aare inserted on to the inner border of 
the scapula. The deeper layer also varies, but arises in 
several slips from the last two cervical ribs. It is also 
inserted on to the inner border of the scapula. The coraco- 
brackialis externus is very large as compared with the same, 
muscle in the carinate birds ; it is not quite so large as in 
Rhea. The eoraco-brachialis internus is larger in Struthio 
than in any other ratite. The biceps arises from the spina 
coracoidea ; its muscular belly is not well developed ; it is 
inserted on to the radius and ulna, and on to the membrane 
between them. As with Rhea the deltoid arises from the 
scapiila and neighbouring region of coracoid. The teres 
nuyor, again, as in Rhea, is a comparatively large muscle. 

On p. 87 et seq. will be found an account of the muscles of 
the hand in Palamedea, which I have taken to illustrate that 
of the carinate birds in general. 

The differences which are to be noticed in Struthio are, 
apart from minor divergences, the following : — 
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The extensor meiacarpi radialis is single. 

The ectepieondylo-ulnaris is absent or fused with the 
extensor metacarpi ulnaris. 

The extensor digitorum communis supplies only the 
index. 

The two pronators form only one muscle. 

The flexor digitorum suhUmis and the fl. dig. profundus 
arise by a single head from the flexor condyle of the humerus. 
The two muscles immediately divide ; the upper part (= 
sublimis) ends in two tendons, of which one is inserted on to 
radiale, the other fuses with the upper tendon of profundus, 
and also gives off two slips which surround that tendon aAd, 
reuniting, fuse with the lower tendon of the profundus. The 
lower part of the muscle (= profundus) gives off two ten- 
dons, of which the upper ends on the first metacarpal, .while 
the lower runs to the base of the last phalanx of the 
index. 

The flexor metacarpi ulnaris ends fleshily on ulnare, but 
is prolonged beyond this bone, receiving also some fibres 
from it, to the metacarpal. 

The radio-metacarpalis ventralis — or at least a muscle 
which, if it be not this, is not found in Palamedea — arises 
from the ulna and not from the radius. 

The total number of muscles in the hand of the ostrich 
is twenty-three, allowing for the absent ectepicondylo-ulnaris. 
The additional muscle is a small pronator quadratus, running 
from the ulna to the radius. 

It appears, therefore, that, in spite of the small size of the 
manus of the ostrich relatively to that of flying birds, there 
is but little if any evidence of degeneration in its musculature. 
On the contrary, indeed, for it might be said that the wing 
muscles of Struthio are less degenerate, or at any rate less 
modified, than those of carinates in that '‘amount of muscle 
as compared with tendon is greater. The complication of 
the conjoined flexores digitorum is highly suggestive of a 
walking or climbing animal. It seems to be conceivable 
that the ostrich branched off from the avian stem before the 
power of flight was perfectly established. 
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The ostrioh^ has the complete leg muscle formula 

The femoroeavdal is fleshy, but not large, and has no 
distinct tendou of its own. It blends above with the acces- 
sory. The accessory Jemorocaudal is an enormous muscle 
ending in a broad th^ tendon which distally is lost in a 
fibrous expansion round the great vessels and nerves of the 
thigh. The accessory semitendinosus is smalL The tendons 
of the semimembranosus and the semitendinosus become 
united just after the attachment to the latter of the acces- 
sory; they soon, however, diverge, the semimembranosus 
being continued as a long thin tendon down the leg to join 
the tendon of the gastrocnemius. The obturator externus 
and the adductors are small ; the obturator internus is very 
large. The anMens does not arise from the pectineal pro- 
cess, or even from the pubis, but from the ilium. An 
additional adductor muscle which has been referred to in 
the cassowary also exists in the ostrich ; it has, however, 
but one (tendinous) head, arising from the femorocaudal 
muscle. 

The rhomboideus superficiaUs of Bhea * springs, like that 
of Struthio, from the spinous processes of the cervical verte- 
bras, but from a larger number (four). It is inserted on to 
the coracoid as well as the scapula. The rhomboideus pro- 
fundus arises from the spinous processes of the first three « 
dorsals. As in carinate birds the serratus superfidalis is 
composed of an anterior and a posterior section ; the former 
arises as a single band from the last cervical rib, and is 
attached to the front part of the scapula ; the latter is large 
and consists of three broad slips springing from the first 
three dorsal ribs and their uncinate processes ; it is attached 
to the hindw end of the scapula. It may be, FObbbikoeb 
thinks, tlmt a portion of this is really the pars superfidalis 

■ S. Hathmitok, * On the Mtuonlor .Mechsniem of the Leg of the Ostrich,’ 
P. B. Irish Ae. ix. (1866), p. 60 ; A Macalisteb, * On the Anatomy of ' the 
Ostrich,’ ibid. 1667, p. 1 ; biax, • Sm I’Appsreil Looom. de I’Antmohe de 
I’AhfgW ^U. Soc. FMUm. 1868. 

* B. Hauobtom, ‘ Mnscnlar Anatomy of the Bhea,’ P. R. Irish Ae. iz. (1867) , 
t. 497. 
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of the serratm profundus ; otherwise that muscle only com 
sists of the deeper portion which arises as two slips ^Om the 
last two cervical ribs and runs directly backwards to be 
inserted on to the lower border of the scapula. 

The coraoo-braohialis internus is largely tendinous ; its 
origin, contrary to what is found in other StmthiooM, just 
extends on to the sternum. The origin of the biceps is 
peculiar ; it arises not only from the coracoid spine by a 
rounded tendon, but also by a sheet of tendon edged with 
muscle from the whole of the coracoid and from just an 
adjacent bit of the sternum. It . is inserted on to both radius 
and ulna. 

In the manus of Bhea, on the other hand, we have more 
evidence of degeneration than in Struthio. There are, in the 
first place, only twenty-one muscles at most, and some of 
these are much simplified. 

The muscles that appear to be totally wanting are (1) the 
extensor digitorum communis, (2) the pronator profundui. 

The extensor indicis is only represented by the belly 
arising from the wrist. The flexor sublimis may possibly be 
represented by a slip of muscle arising from the tendinous 
edge of the flexor metacarpi ulnaris, which goes to be inserted, 
partly by tendon, partly by fleshy fibres, on to the ulnare and 
base of metacarpals 2 and 3. 

As in the ostrich the radio-metacarpalis ventralis arises 
from the ulna. In Bhea there is a special peculiarity in the 
presence of a muscular slip running from the tendon of the 
extensor metacarpi ulnaris near to its insertion to the extensor 
indicis. Finally the ectepicondylo-ulnaris is distinct. 

In the leg there is no femorocaudal, the formula being 
BXY -f- . The accessory femorocaudal is enormous, and there 
is a good struthious accessory adductor. Glutaus primus is 
very large and overlaps biceps ; glutceits V. is present and 
large. 

In Dronusus^ the rhomboideus superficialis and pro~ 

' S. Hacohton, ‘ Muaeular Anatomy of the Emn,’ P. R . Irish Ac. ix. (1867), 
p. 487 ; G. Bollbston, * On the Homologies of certain Musoles connected with 
the Shoulder Joint,* Lmn. 8oc. xxvi. 1870, p. 609. 
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fundus arise from ribs, the latter from only one, the former 
from three. 

The biceps apparently arises like that of Bhea, 

In the leg the ambiens and the femorocaudal are wanting,, 
the formula being, therefore, BXY — . All the ghiteals are 
present, and the first covers the biceps. The accessory 
femorocaudal is very Istrge, bnt it does not appear to- 
possess the strutbions accessory muscle. 

The muscles of the wing of Apteryx are, of course, de- 
scribed by Owen in his account of the anatomy of the bird.. 
But a fuller and later description, vrith illustrations, is to 
be found in T. J. Parker’s paper upon Apteryx, and in 
FCrbringer. 

There is no rhomboideus profundus. The serratus super- 
fidalis is one muscle arising from the first two cervical ribs ; 
it has the pare metapatagialis wanting in the other ratites. 
There is also npectoralis abdominalis wanting elsewhere, but 
fio latiss. dorsi anterior. The latiss. dorsi metapatagialis is 
well developed. 

The muscles running from the shoulder girdle to the 
humerus are reduced to six ; these are the two pectoraZs, the 
deltoides (single), the teres major, the coraco-hrachialis longus, 
and the c. hr. brevis. 

The biceps is single-headed, arising from the coracoid ; it 
has long tendons at each end and a small belly in the middle ; 
it is inserted only bn to the radius. The anponceus longus 
fuses early with the single-headed triceps. 

As might be expected from the presence of but a single 
finger, the muscles of the hand are much reduced. Perhaps 
the most noteworthy peculiarity is the presence of the gallina- 
ceous and tinamine muscle, the 6ntepicondylo-y>lnaris. 
There is a peculiar accessory brachialis anticus, seemingly 
only met with in Apteryx. The remaining ten muscles are 
brachialis anticus, ectepicondylo-ulnaris, ectepicondylo^ 
radialis, pronator (? sublitms or profundus), extensor meta- 
carpi ulnc(,ris, extensor indicis longus, with one head from 
contiguous surfaces of radius.and ulna inserted in A. australis 
oh to carpo-metacarpus, in -A. BuUeri on to base of distal 
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jhalanx, extensor longus polUcis ‘ inserted on to the thumb 
side of the carpo-metacarpus, flexor digitorum profundus^ 
Ini-metacarpalis ventralis^ ‘ In one specimen {A. australis) 
minute tendon was seen preaxial of that of the deep flexor 
and passing to the preaxial side of the carpo-metacarpus,’ a 
mdimentary interosseous dorsalis in 
Dne specimen of A. Bulleri. 

In the leg the muscle formula is 
complete. 

The tongue in all these birds is 
flat triangular organ, relatively small 
‘n size. The accompanying cut (fig. 

234) shows its characters in Bhea ; 
t does not show any differences of 
mportance in the other genera. 

The course of the intestine in 
Struthio camelus is shown in fig. 

12, p. 28. It will be observed that 
't is in many respects exceedingly 
simple : thus the greater part of 
;he small intestine is thrown into a 
series of short folds, with none of 
jhe longer and more specialised folds 
found in many other birds. The 

iuodenal loop is the only part of the Fio. 234 Tongue and 

small intestine which shows a special Gadow)!^“’" 

old, and this is a loop v^lth a short hypoglossal n6rve. 

ateral diverticulum — ^Y-shaped, in fact. 

The next most characteristic feature of the intestines of this 
lird is the enormous large intestine, which is for the greater 
jart of its extent thrown into folds like those of the small intes- 
;ine. In Casuarius (see fig. 11, p. 28) the small intestine is 
juite as simple as that of the ostrich ; the large intestine is 
short and straight. The emu is practically identical with the 

* Pabkbr temB it extensor metacarpi radiaUs brevis. I identify it as 
above. 

• Flexor carpi radialis, qt Pabkeb. 






«06 STRUCTURE AND Ca4A6MFIOAT|ON OF BIRDS 

isasBowary, but the duodenal loop was strong, longer, and 
narrower. It is interesting to find from Mitchell’s paper 
that the iiitestine of Bhea is somewhat intermediate between 
that of Struthio and that of Casuarius, ‘ The anterior portion 
resembled Oaauarius ; the rectum had an expansion recalling 
that in the ostrich, but much less strongly marked.’ 

The following table contains measurements of the ali> 
mentary tract ^ in the Stmthiones : — 



Sm&ll lut. 

Large Int. 

Obbo. 


Ft. In. 

Ft. In. 

Ft. In. Ft. In. 

Bhea macrorhyncha 9 

4 2 

1 

1 H.i » 

»» 1* <? • • 

4 6} 

1 11 

2 9 

** »» • , • 

5 

1 4 

2 

Bhea americana 

6 8 

1 8 

2 4, 2 9 


9 8 

2 2 

4 8 

„ „ (young) . 

5 10 

1 4 

2 6, 2 8 

StnUhio camelue 9 . 

23 1 

82 9 

2 8, 2 11 

»* »♦ 9 . • • 

23 4 

80 8 

3 104 

». n 9 . . • 

23 

29 8 

2 7 

! »* »»<?••• 

24 6 

81 8 

2 8, 3 1 


23 

24 9 

1 10 

»» *1 9 • • • 

28 6 

33 2 

2 7 

Caewwius uniappendictilatus 9 

3 8 

10 

44, 5 1 

1 „ BeccarU 9 

4 8 

1 

4 \ 

„ jricticolHs S 

4 

10 

4 

„ Bennettii 6 * 

8 lOi 

lU 

SJ, 8f 

t Apt^^ amtraUe 

4 4 


7 

i „ OwerU <y . . . 

3 4i 

4 

7 

Dronuem Nova HoUandia 

10 6 

1 

5 

Casuarius bicanmculatus 

5 

' 1 

7 


All the Stmthiones have caeca, which are especially deve- 
loped in the ostrich, where they have been described by Sir 
Everabd Home as well as by Gadow. Apart from their 
length and structure the most remarkable fact about them 
is that, in contradistinction to what we find in other birds, 
they are inserted by a common orifice. 

These cssca dwindle gradually in diameter towards the 
tip, and are provided internally with a spiral valve of about 
twenty turns. I have attempted to compare these caeca with 
those of the Martinets tinamou (seep. 488 ). In the latter 
bird the caeca are furnished with numerous short diverticula, 

' E. EptovcSAMPB, ‘ Snr la Olande Gastriqae du Nandou,’ Bull. Ae. Belg. 1. 
<1880), p. lU. 
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which are the outward expression of a reticulate internal 
structure, like a ruminant’s stomach. Towards the extremity 
of the caecum the folds cease to be so definitely arranged in 
a network, and some to present an indication of a spiral dis- 
position. Bhea has also very large caeca, tmd there are 
traices of the spiral valve of the ostrich. The caeca of the 
cassowaries and the emu, as will be seen from the table of 
measurement, are very much smaller than those of the 
ostrich and Bhea. Gadow mentions an obscure formation of 



Fig. 236, — Syrinx of Apteryx Fig. 236. — The same, from behind. 

MantelU, Front View. 

(After Forbes.) 

o.ooy in this and following 
figs., tracheal rings. 

an internal network by the presence of folds which may be 
compared with the structure of the casca of Calodromas, 
already referred to. The caeca of Apteryx are long and nar- 
row, like those of the tinamous (excluding Calodromas). 

Struthio has the most remarkable liver of all the Stm- 
thiones. The two lobes are intimately fused into one heart- 
shaped lobe. There is an indication of a spigelian lobe, as 
with other Strathiones, and the single bHe duct (there is no 
gall bladder) opens, exceptionally, only , 4 cm. from the 
pylorus. Bhea has, as a rule, no gall bladder, but Gadow 
found traces of one in a specimen dissei^d. This occurred 
(see figs. 19, 20, p. 34) both in Bh.Darwini jmd Bh. ^dmerieema. 
Casuaiim and Dromaem have a well-developed gall ^jladder. 
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and MitohblZi noted in the former genus that the gall 
duct and the pancreatic duct opened into a distinct diverticu* 
lum of the duodenum. 



Fig. 287. — STBrint of Rhea americana . Fbont View. (After Fobbeb.) 

In Apteryx there is a gall bladder. 

The chief source of information about the windpipe and 



» Fig. 238. — The same, from bebinp. 

$yri/nx of the StruthionidsB is contained in a memoir fajr 
Fobbbs.^ These birds, as a rule, possess no specially modified 

^ ‘ On the . . . , Trwhea in the Ratite Birds,' P. Z, 8. 1^1, p. 778. 
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syrinx, a statement, however, which does not, as was first 
shown by Alix,* apply to Bhea. In that bird (see woodcut, 



Pig. 289.->Stoinx of Casuarius galealus. Front Vibw.KAfter Forber.) 



Fig. 240. — The same, from behind. 


figs. 237, 238) there is not merely a pair of intrinsic muscles,* 

* Bull. Boe. PkU. 1874, p. 88. 

* Fitst notM, apparently, by Parker in 2V. Z. 8. roL v. p. S88, foot note. 
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but some considerable modification of the last tracheal and 
early bronchial rings. The last four tracheal rings are 
soldered together to form a cartilaginous box, which behind 
and in front shows no lines of demarcation between the 
several rings of which it is composed. There is a membrana 



Fxo. 241 — Traghsal Pouob of Bmj cut open (after Murie). 

Jfyf TSP^f the poneh ; openiiiEiiito tncbea ; e.dA^ pfolongation ctf upper end of pouch ; 
fbt fVy fibrous glands. 

tympamformis and a pessnlns ; the first three or four 
bronchial semi-rings are different from those which follow. 
The remaining Batito have no distinct syrinx. In StrutMo, 
pit example (see figs. 48, 44, p. 64), although there k a mem- 
bcanatympaniformis cconpleting the bronchi intexiiaHy, there 
is neither pessnlns nor intrinsic mnscles. The syrinx of 
Apteryx is abont on tiie same level. Caguariue is rather 
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different. The last few tracheal rings are incomplete 
posteriorly ; the space left between them is continnons with 
a membrana tympaniformis. There is no pessulus or 
intrinsic musculature ; in the division of the last trach^hl 
rings there is a suggestion, faint perhaps, of the tracheal 
syrinx. Dromaus, as might be imagined, closely resembles 
CasuariiM. It has, however, a peculiarity which has been 
fully gone into by Mtteie,' who quotes the pre-existing 
literature upon the matter. In front of the trachea some 
way down the neck a certain number of the tracheal rings 
are deficient in front ; and the lining membrane of the tube 
here projects as a sac, which can be inflated, and has, no 
doubt, something to do with the drumming voice of the 
bird. The accompanying illustration shows this peculiarity, 
which is not met with in the cassowary.* 

As to osteology,^ in Bhea (fig. 77, p. 140) the vomer tends 
to be bifurcate posteriorly where it is much widened out, and 
articulates both with the palatines and the pterygoids. The 
palatines are posteriorly flat and fenestrated. The maxillo- 
palatines are thin plates which meet the anterior bifurcation 
of the vomer. The descending process of each lacrymal 
has a large foramen, the presence of which led E. 0. Cunning- 
ham to distinguish Bh. Darwini from Bh. americana, where 
the foramen is simply a notch. Gadow, however, showed 
that the question of notch or foramen is simply individual 
variability, and I am in a position to assert the same of Bh. 
macrorhyncha. The existence of a complete descending 
process of the nasal has been denied. Paekee, however, 
has figured an ascending pillar of bone from the maxillary, 
and in a specimen of Bh. macrorhyncha this was joined by a 
suture to the anterior margin of the lacrymal. It has, it is 
true, no connection with the premaxillary part of the nasal ; 
but this can scarcely interfere with a ^comparison of the 

* * On the Tracheal Pouch of the Emu,’ P. Z. S* 1867, p. 405. 

> Por the hmgfl and air sacs of Struthioned ^ee ante^ p. 495. Those of 
Bh$(t haye been described by W. K. Pabkxb, * Note on the Bespiratory Organs 
of JBhca/ P* Z, 8* 1888, p. 141 ; df Dromaus by Malm, ‘ Om Luftrdr-siicken,’ 
(ko«f OfVt JT. A.lc% F&rht 1880, p. 83» 

• Pakdbb and D’Altok, Die Skelefe der atrauemrtigm Vtigel* Bonn, 1827. 
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bone to the outer part of a nasal and to the naso-maxillary 
of the Dinomithidse (see below).- 

There is a well-developed, though thin and curved, 
eetethmoid lamina, which joins the maxillo-palatine below 
and the descending process of the lacrymal above. This has 
been also stated to be absent. 

Rhea has seventeen cervical veriehrae. The atlas is 
notched, as in Struthio, but not so -widely. In the shoulder 
girdle the procoracoid is short, but is continued down to the 
articulations of the coracoid by the membrana coracoidea, 
of which, in a specimen of Rhea macrorhyncha before me, a 



Fio. 243.— SnsBirtni or Bhea (attbb Mivabt). 
ec, c€(raooid grooret ; ea, antarior Istatal prooew ; /, keel (?) : Ix^ posterior lateral process. 

portion is ossified as a thin spicule of bone shutting in the 
foramen coracoideum. The sternum (see fig. 242) has a 
median ventral prominence and two lateral thin rings of the 
bone, which may be indications of foramina. Three (some- 
times four) pairs of ribs reach the sternum. The pelvis 
■ (fig. 243) has a small pectineal process. The pubes join 
the ischia posteriorly, and anteriorly an interohturator pro- 
cess, of which there are faint indications in Struthio, uziite 
the two bones. Posteriorly the ilia are attached to the 
ischia. 
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The structiire of the skull of the emu^ is not widely 
different from that of the skull of Bhea. The vomer is 
widely bifurcate behind, where it articulates both with 
pterygoids and palatines. The basipterygoids articulate 
with the pterygoids at the extreme posterior end of the 



Fio. 243.— Pelvis op Bhea (apter Mivart). 

ilium ; Ip^ pectineal process ; o^, antltrochanterio process ; supratrochanterio process ; 
pSf interobturator process ; i, ischium ; j?, pubis. 

latter, instead of nearly halfway along them, as in other 
birds. The maxillo-palatines are hollow swollen plates, 
which unite with the vomer and premaxillaries, but come 
apart in the dried skull. The descending process of the 
lacrymal has a foramen, as in Bhea. It joins the thin 
Umina. of the ectethmoid. The descending process of the 

* ' W. E. PiBXER, ‘ On the Strnotore and Development of the Skull in tbs 
Ostrich Tribe,’ BMh Trans, 1868, p. 118, 
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nasal is only represented in tbe specimen before me by a 
minute pointed bit of bone attached above to a point cor- 
responding to that whence tbe ‘ naso-maxillary ’ arises in 
Bhea. 

Dromatis has twenty cervical vertebree. Tbe atlas is 



Fio. 244. — Skuxx of Emu (aftbe Huxley). 

PmXf premaxiUA ; Mscpt maadllo-palftfcine ; Fo, yomer ; FI, pslatiDe : Ft, ptenffoid ; 

•» barii^erygoid prooets. 

notched, very nearly perforated (fig. 66, p. 118) . The protora- 
coid is not quite so well developed as in Bhea, but there 
are a pair of rudimentary clavicles. 

The sternum (fig. 74, p. 129) ‘ much resembles tha t of 
Bhea ; it is not notched and is rather pointed at its 
extremity. Three or lour ribs reach it. 
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The pelvis (fig. 245) has the pubes and ischia quite free 
posteriorly in the dry skeleton; but they are united by 
cartilage, as in the latter with the ilium. The interobturator 
process is present, and shuts off an anterior portion of the 
obturator foramen. 

The skull of Gasuarius ^ is very like that of Dromceus. 

The number of cervical verterhrce in Gasuarius varies 
from eighteen to nineteen. In the atlas the indication of the 

il 


\ 



closing of the notch for the odontoid process may be com- 
pleted, as is shown in the cut (fig. 68, p. 118). The shoulder 
girdle is very like that of the emu, possessing also rudimen- 
tary clavicles. The membrana coracoidaa may, however, 
be ossified, and there are two foramina. One of these lies 
between the membrana coracoidea and the coracoid, and 
is therefore apparently the homologue of the foramen in 

* W. H. Fu>«xb, ‘ On the Sk^ton ot the Aastralian Oaeeoeraiy,’ P. Z, 8. 
1871, p. 88. 
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Drotnmts; the other ie smaller and farther baok in the 
substance of the coracoid. 

The sternum (fig. 246) is an exaggeration of that of 
Dromaus, being longer and more pointed posteriorly. Four 
or five ribs articulate with it. 

The pelvis too, though very like that of the emu, is (fig. 
247) an advance upon it in structure. There may be (C. 
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Fio. 1146 . — Stsbnum of Cassowaby (aftbb Mxvabt). 
e, oontooid groove ; mx, posterior end. Other letters m in fig. 24S. 

galeatus) or may not be an osseous union between pubis 
and ischium and between ischium and ilium. 

The ostrich sIctM is rather unlike that of the other two. 
Tbie vomer is very short ‘ and does extend back as far as 
the articulation of the palatines and pterygoids. The latter 
bones articulate not only with the basipterygoid processes 
but with the basisphenoid ; the;y>;bear off the palatines, which 

' * W. Obobie, * Ueber das Thrinenbein der itrauasartlgen Vdgel,' Ao., BuK. 
Ae. Bti, 8 t-Pit»r$b. 18dS, f. 161. It varies somewhat in length aeoording to 
FObswhobb, and was todad in one case to be not unlike the vomer of an 
legitiiognathous bird. 
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ran forward in a straight course. The maxillo-palatines 
artictilate with the vomer. 

The axial skeleton has been described in the greatest 
detail by Mivart.* 

There are twenty cervical vertebrce, and then five which 
have ribs articulating with the sternum. The atlas is more 
simply ring-like than in other birds ; it has a very wide notch 


\ 
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Fig. 247. — Pelvis of Cassowary (after Mivart). 
pelvic rib. Oth«r letters as in flg. 343. 

for the odontoid process of the axis. The catapophyses of 
the seventeenth cervical unite. 

The sternum has a raised and flattenfed tract posteriorly, 
which may be the equlvalpnt of the keel ; it has two ^sterior 
lateral processes, which extend beyond the median portion of 
the bone. 


‘ ‘ On the Axial Skeleton of the Ostrich,’ Tr. Z. 8. Viii. p. 886. 
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is remarkable for the symphysis of the pubes, 
which is shown in the accompanying figure (fig. 250). The 
ischia also unite each with its corresponding pubis. There 
is a well-developed pectineal process. Gabbod ' and F. Dab- 
win described a small ossification attached to the front 



Fio. 248. — Skull or Obtbich (after Huxley). 
/?,ro«traxa. Other letters as in fig. 244. 


margin of the pubis which may conceivably be the homologue 
of the marsupial bone of the marsupialia. 

The shuU of Apteryx has been described by Owen * as 

* ‘ Notes on an Ostrich lately living in the Society's Gardens,’ P. Z. S. 1878, 

pm. 

* ‘ On the Jjpieryg auttraHt,' Tram. Z. S. ii. p. 87, and iii. p. 877. 



8TRUTHIONE8 


819 


r^axds its adult structure, and the development has been 
lately treated of by T. J. Parkeb.' 

Apart from the very elongated anterior part of the skull 



Fio. 249 . — Stebnum op Ostbich (after Mivabt). 

Letters as in Fig. 74. 

the characteristics are those of the struthious birds generally. 
The Y-shaped posterior end of the vomer bears off from 



Fig. 260. — Pelvis op Ostrich (after Mivart). 
symphysis publi. Other letters as in'fig. 343. 

articulation with the rostrum the palatines and pterygoids. 
The basipterygoid processes are large. As in all other 

‘ ‘ Observations on the Anatomy and Development of Apieryx^^ PhU, 

.25. 
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strathious birds, with the exception of the adult cassowary 
and the DinomithidsB, the ossified ethmoid appears on the 
dorsal surface of the skull between the nasals. In the adult 
the sutures disappear, and the bones are so firmly united 
that the quadrate and the columella are the only movable 
bones in the skull. The quadrate has a two-headed otic 
process, differing so far from other struthious birds and 
agreeing with the Carinatse. 

Pabeeb’s statements as to this matter are opposed to 
those of FObbbingbb in the table of differential characters 
which he gives in his great work. The vertebral column is 
described by the authors already quoted as well as by 
Mivabt.* There are sixteen cervical vertebrer, and four ribs 
articulate with the sternum. The atlas is either perforated 
or only notched by the odontoid process, and it is imperfectly 
joined above, not always, but in many cases, at the summit 
of the neural arch. The tenth and eleventh vertebrae have 
sometimes a ventral hypapophysial canal, as in Herodiones. 
MrvABT found this to be the case with .<4. Oweni. I found 
the catapophyses to approach each other very closely in 
that species and in A. australis, but not to fuse. 

The sternum is somewhat variable in form. Occasionally 
the posterior lateral processes exceed the middle process in 
length ; sometimes they are less or subequal. As a rule the 
sternum appears to be broader than long, but this is not 
invariably the case. The varying proportions of the sternum 
and the lengths of its several processes seem to offer cha- 
racters diagnostic of the species. In two specimens of A. 
BuUeri Pabebb found a ‘ low ridge nearly as well marked as 
the vestigial keel of Stringops.’ The shoulder girdle, Hke the 
sternum, is subject to great individual variation. The relative 
lengths of the scapula and coracoid vary ; the curve of the 
scapula varies, but it is in the coracoid that the most inte- 
xeating variations occur. The coracoid notch, converted by a 
lig^ameni into a foramen, but being in the embryo a distinct 
foramen in the cartilage, is sometimes absent, its place being 

> ‘On the Aziid Skdeton ot the StrntbiomcUB,’ Troiu. Z. 8, toI. x. p. 1. 
See also Ajuub, • On the Skeleton of the Aptei^,’ J. Linn. Soe. 1878, p. 638. 
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indicated by a thinning of the bone. The rudiments of 
tuberosities for the attachment of the missing furcula are 
often fairly evident. The coraco-scapular angle oscillated 
between 150 and 122. There is a supracoracoid foramen. 

In the pelvis there is no fusion between ilium, ischium, 
and pubis. The pectineal process is long and appears to be 
ossified equally by pubis and ilium. In the skeleton of the 
adult foot two of the tarsals are present as free bones not 
fused with either the tibia or the metatarsus ; these are, 
according to T. J. Pabkee, two centralia. 

The bones of the wing in the struthious birds are espe- 
cially reduced in the emu, cassowary, and Apteryx. 

The wing of the adult emu (Drorticeus ater) has been 
figured and described by Paekbb. There is no trace of a 
separate carpus either in young or adult. In a six-weeks-old 
chick the first metacarpal is half the length of the second, 
but in the adult it is reduced to a small prominence not a 
third of its length. There is no trace of a third metacarpal. 
The single finger (the index) has three phalanges and a long 
strong claw. ‘ The wings of an adult are about the size of 
those of a jay or a bower bird ; in the young chick, with legs 
the size of those of a turkey, the wings are no longer than a 
wren’s.’ 

In Apteryx the wing is in some respects further reduced 
than that of the emu ; in others less so. In the adult A, 
australis (T. J. Pabkeb) there are no distinct carpals, but a 
broad flattened carpo-metacarpus, with traces of being com- 
posed of three metacarpals. There are sometimes two and 
sometimes three phalanges — the last clawed — to the single 
finger (index) ; where one is atrophied it is the second. In 
A. Oweni there appears to be invariably a distinct radiale ; 
the third metacarpal is more distinct than in the last species, 
and in one case was entirely free. Tho, clawed index has 
two or three phalanges. The single example of A. HaaaU 
which Pabkee examined had an ulnare as well as a radiale 
in the carpus, a fairly distinct metacarpale HI., and three 
phalanges to the index. 

In A. Bulleri the manus shows much greater variations i 
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in one specimen a radiale is present in the carpus, in another 
a bone which appears to represent radiale and distal carpals ; 
this specimen had a free third metacarpal. In two other 
instances there is a caipo-metacarpus, as in A. australis. 
There are two or three phalanges and, as always, a claw to 
the index. 

The ^velopment of the manus of Apteryx shows plainly 
what is also apparent from its adult structure, that it is in a 
condition of degeneration. Traces of three distal carpals, as 
well as of radiale and ulnare, are visible ; all the metacarpals 
are*<distinct. the third being as long as the second and having 
a rudimentary phalanx. 

The Apyomithidee, containing the type genus AEpyomis 
and a recently established new genus, MulUromis,^ was for 
some time only known by the subfqssil egg and by the- 
bones of the hind limb. More recently Messrs. Milne- 
Edwards and Grandidier, and more recently again Mr. 
C. W. Andrews, have described other parts of the skeleton, 
so that now, though there are still many lacunee, we have a 
fair knowledge of several important parts of the skeleton. 
This family is limited to Madagascar, where its remains have 
been found chiefly in marshes. 

The skull is only incompletely known — the palate, for 
instance, so important in determining its affinities, is quite 
unknown — being only represented by what is little more 
than a calvaria, and by an imperfect mandible. The occipital 
condyle is pedunculate, as in the moas. The frontal region 
di the skuU is covered by many pits, which are arranged in 
a fairly regular fashion ; it is suggested that these may be 
the marks of the inplantation of feathers, of which, therefore, 
the JEpyornis may have possessed a frontal crest — a feature 
which has also been observed in certain moas. There are 
also, as in the moas, a prominent basi-temporal platform, 

* * Observations sur les Mpyomis de Madagascar/ Comptet Emd. oxviii. 
1894, p. 122 ; * Sur les Qssements d’Oiseanx/ <2c., Bull, Mus. Nat, Hist. 1895, 
p. 9 ; * On the Skull, Sternum, and Shoulder Ghrdle of JEjpyortUt,^ Ibis (7), ii. 
p. 376 ; * On some Bemains of JEpyorms in the British Museum/ P. Z, 8, 1^4, 
106. 
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an open Eustachian groove, and a similar structure of the 
articular facet for the quadrate. 

The sternum is singular by its extraordinary breadth 
and great shortness ; the length in the middle line is only 
one-fifth of the greatest breadth. The hinder border is not 
notched, but forms a ‘ gently concave curve.’ The antero- 
lateral processes are stout. There is, of course, ino keel. 
The coraco-scapula is typically ratite, the angle between 



Fig. 251. — Shoulder Girdle of (after Andrews). 

ic, scapula ; /?c, procoracoid ; f4pc, forameu supraooracoldeum ; gl^ glenoid cavity. 

the two being very slight. As will be seen from the figure, 
it most resembles that of Casuarius. , The bird had a 
rudimentary humerus. 

Bmoraithidse. — This family consists of a number of 
genera, all New Zealand in habitat ; their remains are so 
abundant in various parts of the country that they must 
have existed in countless numbers. That there should have 
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been within so limited an area at least twenty-five distinct 
species is explained by Captain Hutton by the view that at 
one time the two islands of New Zealand were divided up into 
a greater number — an archipelago, in fact — the result of this 
being what we now see among the cassowaries, where each 
of the islands inhabited by them has its own peculiar species, 
isolation, indeed, permitting of the specialisation. All the 
moas, however, became extinct at a period not less than 
three or four himdred years ago. T. J. Paekeb,‘ whose 
work on the cranial osteology of the group is the most 
recent, allows the genera Dinomis, Pachyornis, Mesopteryx, 
Anomalopteryx, Emeus, and probably Megalapteryx, dis- 
tributed among three subfamilies. The moas — a general 
term applied to all these genera — were birds of fair, often 
large, size. The smaller species ranged from 2^ to 4 feet in 
height ; the largest were at least thirteen feet high. 

The skull of the moas had a short and wide beak. The 
occipital condyle is remarkable on account of its ‘ more or 
less pedunculate character,’ a circumstance which is of 
importance in considering the relationship to the moas of 
the Madagascar JEpyornis (see p. 522). 

The orbit is smalls than in other struthious birds. The 
nasals are peculiar in that they meet behind above the 
ethmoid, so that no part of the latter bone appears on the 
upper surface of the skull. It is only in the adult cassowary 
among recent struthious birds that the ethmoid is entirely 
hidden on a superficial view, a state of affairs which is 
Iffonght about by the development of the crest, and does 
not exist in the young bird. The palate is like that of the 
emu and cassowary, but is most like that of Apteryx. 

The nasal bone is furnished with a slender maxillary 
process, or, as in emus, there is a corresponding bone 
separately ossified. The lacrymal is firmly ankylosed' to 
frontal ; its descending process joins ectetbmoid. T. J. 
Pabkeb has figtoM and described a pectiliar thin scroll-like 
bone which appears on a lateral view of the skull and pro- 

■ * On the Omi^ Osteology, domifioation, and Pbylogeny of the Dinotni- 
Tr.Z.g.m.p.vn. 
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jects beyond the anterior margin of the maxillo-nasal ; this 
he has termed the ahnasal. 

The number of cervical vertebrae is large, at any rate in 
AnomaU^teryx pa/rva, the only species in which they axe 
all vrithout doubt preserved. There are in this bird twenty- 
one. The sternum is longish and rather narrow in Anomalo- 
pteryx casuarina ; it is short and broad in Dinornia maximua. 
In all it has a pair of lateral notches strongly marked; the 
lateral processes are strongly divergent. There is also a 
median posterior notch. 

The pectoral girdle is but little known, and appears 
sometimes to have been completely absent. 

In the pelvis the bones are separate and the pectineal 
process but little marked. 

That the feathers have large aftershafts, like the emu, 
&c., was first discovered by the late Mr. Dallas.* Sir B. 
Owen has figured the ossified rings of the trachea ; but they 
present no special features of interest. 

As to their relationships with other ratites, T. J. Paekeb 
is of opinion that they form, together with the Apteryx and 
cassowaries, a definite branch of the struthious tree, as in 
the annexed diagram, which is from his paper. FCrbeingeb 
comes to conclusions which are not greatly different. The 
relations of the Dinomithidee to Struthio and Bhea are 
‘ganz entfemt,’ to Dromceua and Caauariua ‘fern,’ but 
to Apteryx ‘ nahe.’ 

There is no doubt that Struthio is removed far from the 
Dinomithidae, as well as from other ratites, by the structure 
of its palate, which diverges much. But it not clear that 
Bhea is so remote ; the existence of an apparent homologue 
of the maxillo-nasal bone, to which I have referred in the 
description of the skull of Bhea, is a point of somewhat 
striking likeness to Emeus, while the conformation of the 
skull generally in Bhea does not seem to divide it very 
deeply from Caauariua, &c. Though nbdrii^t T. J. Pabkbr 
is right in directing attention to the special' resemblances in 
the BkuUs of Apteryx and the Dinomithidse, it must not be 

I * On the Feathers of Dinomis robuatiut,' Owbn, P. 8. 1869 , p. 269 . ^ 
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foigotten that Ditwmis, like other ratiteis, cxc^t Aptcvyx, 
has a single head to the quadrate. In the characters of the 
pelvis Ditwmis is near to Apteryx and the CaBua>riidse and 
remote from Rhea (as well as from Stmthio). The large 
afterehaft allies it to the Casuariidae. Nathusius has 
commented upon the practical identity in egg-shell structure 
which Rhea shows to Dinornis, a likeness which impressed 
him so greatly that he proposed to place them in the same 
genus. A considerable number of the special relations 
between Apteryx and the Dinomithidse, upon which FCb- 
BBINGEB writes, such as failing pneumaticity, absence of 
clavicle, mutual distance between coracoids, and even the 
form of the sternum, may largely depend upon the loss of 
flight, which is more complete in these birds than in the 
ostrich, for example. In no less than three footnotes 
FCbbbingeb comments upon the supposed absence of 
uncinate processes to the ribs of the Dinomithidse ; but 
this difference from other ratites does not exist, as T. J. 
Fabeeb has definitely asserted their presence. It is signi- 
ficant that in his tables of differential characters FCbbbingeb 
refers little to those of the fore limb girdle (including 
sternum) as distinguishing Dinomithidse from Rhea. A 
detailed account of the pros and cons will be found in the 
systematic part of FCbbbingbb’s work, and as regards the 
skull in Fabeeb’s paper already referred to. 

The StmthiOBM have been often held to be more primitive 
t ha n any of the e:dsting groups of birds. 

There are really, however, not a large series of characters 
in which they may be fairly said to be more primitive 
than some other groups, and most of these are shared by 
some others. 

The form of the palate smd the single-headed quadrate 
appears to be a low character ; but the former is shared 
with the tinamous, the latter with some other groups. The 
incmupleteness of the fu^on of the cranial bonbs pray be 
locdied at in the same way '; but the penguin is on the same 
level as the itrathiMM. ^e absence of any ;|osion distally 
between the bones <A the pelvis in Apteryx and Binonm is 
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■diBOBaurian ; bat the tiaamous are like Apteryx in this. 
The complete procoracoid of Struthio seems to be an archaic 
character, as do the two free centraliain the foot of Apteryx. 
As to negative characters, the most important of those that 
are possibly, but not certainly, to be regarded as primitive 
appears to be the usual absence of the oil gland. 

The long rectum of Struthw is probably an ancient 
character ; but whether the absence of a bird-like syrinx in 
all ratites except Bhea is a similar feature seems to be 
doubtful. The large size of the blood corpuscles in the 
ratites is noteworthy in this connection. 

The following table gives the principal characters of the 
ATiRting genera. From it may be inferred the somewhat 
less modified condition of Apteryx and the very isolated 
position of Struthio among the members of the group : — 
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Group SAURUR>C 
SAUBORNITHES 

As there is but a single g'eaus, and in all probability but 
a single species/ in this group, it is useless to attempt any 
formal definitions of family or other characters. I shall 
merely give the more important facts in its structure, as I 
have with the foregoing groups. As to external characters, 
the ArchcBopteryx has an anisodactyle foot, like that of the 
Pasures. The feet and the digits of the manus have been 
stated to have been covered with scales. That scales may have 
been present, at least on the foot, is very probable, but there 
is not the faintest evidence of their having been there. Of 
feathers the remiges and rectrices are plain, while of the 
general body feathering there is not so much evidence. 
With the exception of a circle of feathers upon the neck, 
suggestive of those of the condor, and similar rings of 
feathers upon the ankle, it is thought by some that the 
Archceopteryx was naked. Most of the restorations, how- 
ever, admit a general feathering. The chief criticism to be 
offered is the extreme perfection of the remains of such 
feathers as are visible in the slab of stone in which the dead 
bird was originally imbedded. This being the case, the 
apparent absence of feathers over the general body surface 
gains more weight. That they may have been present and 
of the nature of down feathers is believed by reason of 
certain faint indications of something to round the contours 
of the body ; the group of contour feathers upon the leg are 
plainly visible even in photographs of the Berlin example. 
This example is much better than the specimen in London, 
which is the only other skeleton in existence. The rectrices 
are quite obvious, a pair to each of the separate vertebras of 
the tail. There appear to have been not fewer than thirty 

' A %M been u^ed tbai spaoifta and even generic differencee exist betvraen 
tlie London and Berlin examples. 


U U 



630 STRtTCTURE AND CI.ASS1FICATI0X OF BIRDS 


of these ; Furbhinger places the number between that 
figure and forty. Most of the restorations allow thirty- 
two or thirty-four. This number is important ; it is in 
excess of that generally found in living birds, although the 
tail itself is not composed of actually more vertebrae. 
Among recent birds it is perhaps a significant fact that 
the penguins alone have this number. Of remiges seven- 
teen appears to liave been the number, six or seven 
primaries and ten secondaries. No existing bird has 
80 few primaries, the nearest approach being nearly all the 
Anomalogonatae (and some other birds too), which have ten. 
There is some difference of opinion as to how these remiges 
were attached to the arm and hand. Dames, in his elaborate 
monograph upon Archcpopteryx, puts forward the view that 
they were attached to the metacarpal and down to the 
claw of digit II. Menzbier limits the attachment of the 
primaries to the basal phalanx of the third, not second 
digit. Furbringer thinks that the greater number of the 
primaries were attached to metacarpal III. and the third 
finger, only a few being inserted upon the phalanges of 
digit II., w^here the latter is overlapped by the last-mentioned 
digit. Hurst has adopted the revolutionary view that there 
are missing, and probably cartilaginous, digits IV. and V., to 
which the primaries were attached. As to the presumed 
additional fingers, if they were really present, where did 
they articulate ? The entire available space appears to be 
taken up with the digits which are already known. In its 
primaries Archceopteryx is the very reverse of the penguin, 
which it appears to resemble in its rectrices. The excep- 
tional number to be found in that bird is not in the least 
explained by the conditions observable in Archceopteryx, 
A beak seems to have been absent in Archceopteryx y owing 
to the fact that the teeth extend to the end of the jaws. 
The vertebral column of this bird has some fifty vertebrae, of 
which ten or eleven are reckoned cervical ; the smallness of 
the number, which probably belongs to this category, is only 
approached among the parrots and the Pico-Passeres and 
some of their nearest allies, where, however, thirteen is the 
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lowest number, fourteen being more general. This fact 
may, however, have some significance, especially when it is 
remembered that fourteen is also found in the penguins, and 
when the remarks on p. 164 are taken into consideration as to 
the possible low position among birds of the Pico-Passeres. 

The vertebroB were apparently amphicoelous. There are 
only two sacral vertebrae, and, as already stated, the tail is 
long and composed of a long series of elongated vertebrae, to 
each of which a pair of rectrices are attached. 

The ribs seem to have had no uncina te processes, but these 
may have been present and cartilaginous ; another remark- 
able feature about them is the fact that they had, as in many 
reptiles, but one articulation. There are also a number of 
abdominal ribs which might be supposed to be merely the 
sternal parts of the vertebral ribs, were it not for the close 
approximation of the V-shaped pairs. 

The skull is toothed to the very end of the jaws, thus 
rendering improbable the presence of a beak. The nostrils 
are definitely holorhinal, and are divided into two holes by an 
alinasal growth, as in some living birds. Or else the sup- 
posed posterior part of the nasals is really the antorbital 
space present in so many birds. It does not seem certain 
whether in the latter event the nostrils are bounded behind 
by the posterior division of the nasal bone or whether, as in 
pterodactyles, a process of the maxilla rises up to join the 
nasal. The space for the eye, which has a ring of bones 
in the sclerotic, is completed below, as in certain parrots, 
by a bony arch. 

Concerning the sternum w^e must, I suppose, agree with 
Hurst, who has observed that ‘ nothing is known, though 
much has been written.' 

The scapula is eminently bird-like, as is the furcula, with 
its U-shaped meeting of the two ankylosed bones. The 
coracoid is imperfectly known. The large size of the deltoid 
crest of the humerus and the apparent absence of the crest 
for the insertion of the pectoralis are the two most salient 
facts in its structure : the latter fact supports those who 
hold that the sternum, if present, must have been small or 
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cartilaginous. It is usual to consider that the carpus of 
ArcluBopteryx contained but one carpal ; Hurst, however, 
asserts that there are two, a radiale and an ulnare. As in 
modern birds, Archceopteryx is generally held to have pos- 
sessed three fingers, and, again as in modern birds, the second 
is the longest. Hurst holds that the bird had five, and 
bases his view upon both fact and theory. As to the former 
he sees differences in the supposed second and third meta- 
carpals in the Berlin and London specimens ; it is possible, 
therefore, that the bones are not the same in the two cases ; 
hence those of the one may be metacarpals four and five. In 
the second place he considers that (for reasons which will 
be referred to more fully immediately) the bird used its 
fingers for grasping purposes, and that those fingers which 
were thus used could not have been hampered with feathers 
of the stiff kind shown in the fossils as apparently attached 
to them ; hence there were missing digits to which these 
feathers were attached. In support of this he recalls the 
young Opisthocomus, which uses the fore limb as a grasping 
organ before the remiges are developed, and is unable to do 
so afterwards. 

In any case the metacarpals of the three digits are mov- 
able, and the number of phalanges progressively increases 
from two to four. 

The pelvis is ornithic and has a perforated acetabulum ; 
but the bones, as in no other bird, are not fused but separated 
by sutures. 

It has been held that the supposed furcula is composed 
of two ventrally united prepubes, as in dinosaurs (and ptero- 
dactyles ?) 

The hind limb is avian, with nothing remarkable about 
it. 

The Archceopteryx differs from all birds in the following 
characters : — 

(1) The tail is as long as the body, with a pair of rectrices 
fastened to each vertebra. 

(2) The cervical vertebrae (nine) are fewer than in any 
other bird. 
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(3) There are apparently free cervical ribs, and the 
thoracic ribs have but one head. 

(4) The sternum is absent or weak (?). 

(5) There are abdominal ribs. 

(6) The number of phalanges to the fingers of the hand 
is as in reptiles. 

(7) The constituent bones of the pelvis are separate. 

(8) There was no beak. 

The Archcp.opteryx also differs from all birds excepting 
those specially mentioned in the follow'ing characters : — 

(1) The jaws are toothed (also Hesperornis, Ichthyornis^ 
Laopteryx ?). 

(2) The ribs have no uncinate processes (so in Chau 7 ia^ 
Palamedea). 

(3) The metacarpals are free (also Gastornis), 

It is, furthermore, supposed that the bones were not 
aerated, no pneumatic foramina having been discovered. 
This would militate against flight, and there are other facts 
of structure that indicate at most a feeble power of flight. 
It must, however, be observed that the series of rectrices was 
apparently continued along the sides of the body, and that 
the tibiee seem to have borne strong quill feathers. From 
this Hurst infers that the ArcJuevptcryx was ‘fitted for 
flight, if not for prolonged flight.’ But though it has an 
‘ insessorial ’ foot it seems doubtful whether the attitude 
when at rest was not quadrupedal. The heavy head and 
neck and the slenderness of the hind limbs would tend to 
throw the centre of gravity further forwards than in recent 
birds, Hurst thinks.* 

As an appendix to the present group may be mentioned 
the very imperfectly known Laopteryx — not on account of 
any definitely ascertained resemblances, but merely by reason 

' Dames, ‘ tlber Archaioptei'yxt' PaUiont, AbhandL ii. 1884, is the principal 
memoir upon the bird. Baur, in ZooL Anz. ix, p. 106, has summed up the 
literature down to 1886. Since then Hurst and Pyecratt have written upon 
Archrvoptef'yx in Natural Science^ vols. v. vi. 
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of the fact that it existed at about the same period. Lao- 
pteryx priscus is known from a skull fragment from the upper 
Jurassic of Wyoming at about the same horizon as the 
‘ Atlantosaurus beds.’ It was about the size of the heron 
(Ardea herodias). The back part alone of the skull has been 
found, and the remains show that the head of the quadrate 
was undivided, as in ratites (except Apteryx). Close by was 
found a single tooth which may or may not have belonged 
to it. Marsh’ considers the bird to have been ratite in its 
characters. 

• ‘ Digooverj of a Fossil Bird in the Jurassto of Wvciuing,* Amn\ Joutn. 
Sci. xxi. (1881), p. 341. 
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Abdimia, 78, 95, 419, 425, 427, 429 

spheriorhyncha, 65, 42H, 424, 
425, 428 
Aburria, 299 

carunculata, 294, 297, 299, 
300 

Acanthisitta, 181 
Accipiter, 478, 484 
nisus, 478 

Aceros, 54, 102, 216, 217, 218, 219, 
221 

nipalensis, 57, 103, 217, 218, 
219, 220 
ActiomiSy 419 

.Itlchmophorus, 119, 326, 386, 387, 
388, 389, 417, 461 
major, 361, 386 

.F.gialitis, 843 

hiaticula, 345 
ufJgialornis, 350 

^gotheles, 231, 234, 236, 237, 241, 
242, 243 
Aeipetes, 450 

.^Jpyomis, 494, 522, 523, 524 
Mx sponsa, 458, 459, 461 
Agapornis, 255, 268, 269 
Agnopteriis, 444 
Alca, 141, 360 

impennis^ 359, 360 
torda, 860, 862, 363, 364, 365 
Alcedo, 16, 80, 197, 198 
bengalensis, 80 
ispida, 200 
Aletornis^ 379 
Ampelis garrulus, 177 
cedrorum, 173 
Anarhvnchus, 5 
Anas, 76, 460 

boschas, 458 
bpoculai'is, 458, 159 


Anantonius, 5 

coiomandelicus, 427 
lainelligerus, 420 
Amina lopteryx, 149, 524 

casuarinay 525 
parvGy 525 

Anous, 147, 350, 351, 353, 354, 356 
stolidus, 378 
Anser albifrons, 459 
. cinereus, 460 

indicus, 459, 465 
Anseranas, 456 

melanoleucus, 60, 463 
Anthornis melanura, 177 
Anthraceros malayanus, 222 
AnthropoidfcS, 368 

stanleyaniis, 369 
I Antrostomus, 234, 242 
j vociferus, 231 

! .l;)rr/ornis, 469, 470, 471 
celery 469 

A phanapterijXy 330 

Broeckiy 330 
■ Aphriza virgata, 338 
Aprosmictus, 260, 268, 269 
' erj^thropteriis, 262 

Aptenodytes, 80, 156, 306, 398, 399,400 
longiixslltris, 398 

Apteryx, 12, 89, 40, 45, 47, 49, 60, 72, 
78, 75, 76, 78, 80, 81, 82, 
101, 112,113,116,121, 122, 
128, 127, 132, 135, 136, 137. 
148, 151,152,168, 166, 161, 
337, 384, 471, 492, 494, 495, 
496, 497, 498, 499, 504, 507, 
508, 510,518,519,521, 524, 
525, 526, 527, 528, 584 
australip, 49, 496, 506, 606, 
520, 621, 622 
Bullcri, 496, 604, 505, 520 
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Apteryx Haasti, 49C, 521 
ManteHi. ]00, m 
Oweni, 496* 606* 520, 521 
Aphmis, 288* 378, 379, 380, 882 
defossor, 378 
otidiformiSr 378 
Aqaila, 476 

imperialis, 474 
nsevioides, 477 
Ara ambigua, 262* 264 
ararauns, 29, 262 
chloroptera, 261 
Lean, 257 
militaris, 257, 264 
Aramides, 322, 323, 324, 3*27, 331, 369 
cayennensiR, 321, 322 
Araraus* 366, 367* 368 

scolopaceus, 3<)7 
Arboricola* 137, 375 

torqueola, *293 

Arclupopterifx, 4, 17, 21, 111, 11*2, 113, 
114, 115, 119, 1*20, 123, 1*25, 133. 
151, 154, 155, 157, 159, 160, 161, 
164, 165, 469, 529, 530, 531, 53*2 
Archibuteo, 476 
Ardea, 422, 432 

bubulcus, 432 
cinerea, 103, 431, 432, 442 
cocoi, 429, 430 
comata, 432 
egretta, 430 
garssetta, 430 
goliath, 430, 431 
herodias, 534 
ludoviciana, 431 
minuta, 432 
purpurea, 430, 431 
Bumatrana, 430, 431 
Ardetta, 430 

exiliB, 430, 431 
involucris, 430, 431 
Argillomis, 419 
Argus, 290 

giganteus, 27, 292, 293 
Asio, 252 

otus, 99, 244, 245, 246, 289. 
See also Otus vulgaiiH 
Antur, 75 

approximans, 474 
Nov» Hollandiie, 478 
tibialis, 475 
Astarina, 476 

Natteri, 478 
Atelomis* 205, 208 
Athene noctaa, 245, 246 
passerina, 246 
Atrichia, 172, 177, 182, 183 
Attagis, 21, 338, 340, 843, 349 
Gayi, 349 

Aulacorbamphus, 190 


BAii^NicEPS, 62, 63, 419, 420, 43*2, 
433, 484 
rex, 48$ 

. Balearioa, 95, 866, 368, 369, 377 
ohrysopelargus, 96 
pavonina, 366, 367, 868, 869 
regulorum, 867, 868 («B. 
ohrysopelargus) 
Baptomis, 471 
Barita destructor, 177 
Barvphthengus, 210 
Batrachostomus, 281, 282, 285, 286, 
242 

Baza, 475 

Hernicla brenta, 57, 468 

canadensis, 458, 459, 461, 465 
jubata, 459 
leucopsis, 466 
rubidiceps, 55 
Biziura, 464, 466, 467 

lobata, 116, 134, 406, 458, 
459, 461, 462, 463, 4(i4, 
466, 468 

Bolborhynchus, 259, 260, 268, 270 
Botaurus, 430, 431 

stellaris, 57, 430, 431 
Bnichypteracias, 205 
Bracbyrhamphus, 369, 363 

niarnioratUB, 359, 
361, 362, 365 

Broniomis^ 384 
Brotogerys, 269, 270 

tirica, 254, 262 • 
tovi, ‘262 

Bubo, 247, 248, 250, ‘251, 252 
ascalaphus, 245 
bengaleoKis, 249, *250 
capensis, 246 
ignavus, 246 
maculosus, 245 
maxiinuB, 97 
virginianuB, 246 
Bucco maculatus, 188, 189 
Buceros, 17, 55, 101, 215, 216, 218 

atratUB, 216, 217. Sec oho 
Sphagolobus atratUR 
bicornifi, 216, 219, 221. See 
also Dichoceros bicorn is 
convexus, 215 
coronatus, 216, 219 
eJatus, 216, 217. See also 
Ceratogymna elata 
lunatus, 221 
malabaricus, 216 
plicatus, 219. Sec also Rhy- 
tidiceroB plicatus 
rhinoceros, 101, 219, 221 
subcylindricuB, 216. See 
also ByoanUtes suboylin- 
dricQs 
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Bucorvus, 44, 53, 57, 85, 90, 103, 152, 
207, 215, 216, 218 
abyssinicuB, 215, 216, 217, ! 
219, 220, 221 I 

Biilweria, 445, 448 

Burrhinus, 343, 345. Sec also ffidi- 
onemus 

Buteo, 474, 476 

vulgaris, 152, 473 
Butorides, 422 

atrioapillus, 429, 430 | 

cyanurus, 430, 431 i 

Bycanistes subcylindricus, 219, 221. 
See also Buceros subcylindricus 


Cac^tua, 52, 254, 255, 256, 257, 258, 
260, 262, 268, 269 
cristata, 255, 256, 262 
Philippinarum, 255 
sulphurea, 53, 254, 262 ■ 

triton, 255, 262 
Caccabis chukar, 293 
Oaconiantis, 274, 280 
Caica, 259, 260, 261, 263, 268, 270 
melanocephala, 264 
Calidris, 343 

Callalcyon rufa, 198, 199 
Callipepla, 291, 298 

californica, 290, 295, 298, 
300 

squamata, 290 
Cnllocephalon, 263, 268 

galeatuni, 264 1 

Calodromas, 31, 486, 487, 489, 507 

elegans, 485, 487, 4HH, 491 
Ca1<i:>nas, 312, 313 

nicobarica, 806, 310 
Calopsitta, 262, 268, 269 

Novap Hollandite, 254, 264 
Calyptoniena, 178 

viridis, 178 I 

Calyptorhynchus, 259, 260, 268, 269 
Banksii, 255, 256, 
262 , 
stellatus, 254 

Cancroma, 18, 419, 422, 428, 429, 431, 
432 

cochlearia, 430, 431, 434 
Capito, 194 j 

Capriraulgus, 3, 234, 236, 2,36, 237, 
238,239,240,241,242, j 
361 

europaaus, 235 

Cariama, 38, 40, 54, 137, 144, 148, 
149, 161, 166, 241, 249, 

836, 366, 867, 373, 874, ! 

876, 877, 379, 382, 886, i 

450, 456 

cristata, 323, 374 


Carpophaga, 25, 306, 308, 311, 312, 
313 

latrans, 306, 307, 310 
cenea, 308 
paulina, 307, 309 

Casuarius, 12, 28, 81, 82, 85, 123, 
127, 448, 461, 495, 497, 
505, 506, 507, 510, 611, 
515, 523, 525, 526, 527, 
528 

australis, 497 
Beccarii, 506 
Bennetti, 499, 506 
bicarunculatus, 506 
galeatus, 125, 509, 516 
picticollis, 506 
uniappendiculatus, .506 
Cathartes, 79, 145, 382, 383, 479, 481, 
482, 483, 484 
atratus, 74, 481, 484 
aura, 474, 483 
Centropelma, 386 

Centropus, 3, 56, 235, 274, 275, 276, 
279, 281 

ateralbus, 277, 278, 279 
phasianus. 279 
Centurus striatus, 184, 185 
Ceratogynina elatn, 103, 218, 221. See 
also Buceros elatus 
Ceratorhina, 363 

monocerata, 361, 362, 
363, 364, 305 
Cereopsis, 466, 468 

Novfe Hollandiae, 458, 459, 
465 

Ceriorni.s, 291 

satyra, 293 
Temmincki, 293 
Certhia, 16, 174 
Ceryle, 198 

alcyon, 199, 200 
amazona, 200 
stellata, 200 
Chaetura, 226 

caudacuta, 226, 227, 228 
rutila, 227 
spinicauda, 226 
Vauxi, 226, 228 
zonaris, 226, 227 
Chalcopelia, 312, 313 
Chalcophaps, .312 

chrysochlora, 308 
Chalcopsitta, 257, 268 

scintillata, 262 
ChsmsRa, 174 
Chamsepelia, 312, 313 
Charadrius, 17, 337, 343, 366 

pluvialis, 338, 341 , 344 
Chauna, 14, 28, 31, 38, 73, 74, 79, 85, 
145, 288, 292, 401, 462, 454, 455, 533 
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Chauna cbavaria, 27, 57, 451, 452, 45B, * 
454, 456 

derbiana, 35, 85, 92, 451, 452, 
454, 455 

Chen, 467 

coenilesoens, 466, 467 
Chenalopex jubatas, 459, 465 | 

ChenormSt 419 

Chionia, 112, 338, 339, 340, 342, 346, 
347, 348, 349, 357, 360, 445, 
468 

alba,339,342, 343, 349 i 

minor, 348, 349 
Chiroraaoha^ris, 180 
Chloephaga magellanica, 146, 459 
Chloronerpes yucatensis, 185, 186 
Cholomis, 172 

Chordeiles, 234, 236, 239, 241, 242 
texensis, 235 
virginianus, 239 
Chrysococcyx, 274, 279, 280 
Chrysoena, 312 

viridia, 307, 308 

Chrysotis, 98, 254, 256, 257, 258, 259, 
260, 261, 262, 269, 270 ' 

Bodin, 257 
collaris, 262 
erythrura, 257 
feativa, 262 

Onildingi, 43, 259, 261 ! 

lencocephala, 257, 259 
Levaillanti, 257 
versicolor, 257 
viridigenalia, 257 

Chunga, 85, 117, 144, 373, 374, 375, 
377, 385, 416, 442 
Barmeisteri, 51, 93, 114, 374 
Ciconia, 17, 65, 98, 519, 103, 419, 422, 
423 

alba, 69, 427, 428 
boyciana, 428 
moguari, 428 

nigra, 99, 425, 427, 428, 435, 
437 

CircaetuR, 476 
Circus, 473, 476, 484 

ffiruginoaus, 477 
Gouldi, 473, 477, 478 
hudaonianus, 477 
maurus, 473, 475 
Cisaopis leveriana, 177 
Cittura, 199, 200 

cyanotis, 198 
Clangula, 463 

Cnemiomis, 128, 457, 466, 468, 469 
calcitrana, 456, 457 
Coccyatea, 274, 280 
Coccyxua, 274, 276, 278, 280 
americanua, 279 
Culaptea meuoanoides, 185 


ColiuR, 117, 147, 202 

caatanonotus, 203 

Columba, 17, 89, 188, 152, 311, 312, 313 
livia, 306, 307 
maculosa, 808 
Columbula, 305, 312 
Colymhoides, 390 

anglicua, 390 
minutus, 390 

Colymbua, 86, 92. 134, 886, 390, 391, 
404, 406, 460 
arcticus, 387 
glaoialis, 386, 887, 388 
aeptentrionalis, 387, 388 
Conopophaga, 68, 282 
Conurus, 255, 257, 258, 259, 268, 268, 
270 

aureuR, 257 
cruentatus, 257, 264 
Tetzi, 262 

Coracias, 204, 205, 206, 207, 208, 
209 

gaiTulus, 17, 205, 206, 207 
Coracina cephaloptera, 174 
Coracopsia, 254, 259, 269, 270 
Barkleyi, 262 
nigra, 351 
obRcura, 351 
Corcorax, 176 
Coriphilus, 268 
Corvultur albicollis, 176 
Corvus, 137, 141, 174 
corax, 76 
capellanus, 97 
cornix, 175 
corone, 177 
frugilegua, 175 
Cory don, 178 

Corvthaix, 30, 93, 282, 283, 284, 285, 
416 

alhocriatata, 282, 283, 2K5 
Buffoni, 283 
chlorochlamys, 283 
erythrolophua, 283 
porphyriolopha, 2H2 
persa, 283, 285 
Cosmetomia, 242 
Cotumix, 287, 291, 298 
coiiimunia, 293 
Kovsb ZelandiaB, 304 
Coua, 275, 278, 281 
Cracticus casaicus, 175, 177 
Crax, 291, 292, 299 
Alberti, 298 

Daubentoni, 291, 292, 293 
globicera, 57, 293, 299, 800, 801 
globulosa, 293 
Hclateri, 291, 293, 299 
Crex, 328, 824, 827 

pratensis, 82, 322, *62'^ 
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Crossoptilon, 298 

mantchuricum,291, 293, 
800 

Crotophaga, 69, 285, 286, 272, 275, 
276, 277, 278, 279, 281 
sulcirostris, 279 
Cryptomis, 222 
CrypturuB, 79, 489, 491, 492 
obsoletus, 487 
sallaei, 487 

tataupa, 486, 487, 489, 490, 
491 

Cuculus, 17, 236, 274, 277, 27H, 279, 
280, 281, 

canorus, 273, 276, 279 
CurRoriua, 811, 342, 350 
Cyanocorax cyanopogon, 177 
CyanorhamphuB, 255, 260, 269, 270 
(’yclopsittacus, 267 
C’ygnus, 462, 466 

aiiiericanus, 464 
atratus, 459, 464, 465 
Bewickii, 460, 464, 465 
buccinator, 459, 464 465, 
coscoroba, 464, 465 
ferus, 459, 464, 465 
immutabilis, 464 
inuBicus, 45H 

nigricollis, 458, 459, 464, 465 
olor, 459, 464, 465 
CymbirhynchuR, 62, 17H, 179 
Oyniochorea, 440 
(Vpscloides fuinigatus, 226, 227 
Cypselufi, 17, 75, 80, 86, 98, 226 
alpinuR, 226, 228 
apuR, 228 
iuclba, 23, 229 


Dacklo, 140, 197, 198, 199 
cervina, 200 
Gaudichaiidi, 197 
gigantea, 197, 198, 199, 200 
Dafila acuta, 458, 459 
llaption capensis, 446 
f)asornis londinensis, 498 
Dasyptilus Pecqueti, 262 
Dendrochelidon, 226 
Dendrocygna, 465, 408 

arcuata, 465 

autumnalis,469, 465, 467 
Deroptyus, 260, 261, 263, 268 

accipitrinus, 258, 262 
Diaph(yrapteryx^ 380 

Hawkinsi, 330 

Dicherocos bioornin, 219. See also 
Buoeros bicorniH 
DicruruB, 182 

Didnucniua, 263, 305, 308, 309, 311, 
312, 313, 314 


DiduncuIuB strigiroRtris, 808 
Didm, 121, 311, 314 
, Dinomis, 7, 119, 132, 135, 378, 384, 
498, 524, 526, 5^7 
maximus^ 625 
robustus, 525 
torosusy 149 

Diomedea, 416, 417, 445, 450 
anglicUy 451 
exulans, 447, 450 
melanophrys, 460 
Diphyllodes, 174 
Diplopterus, 274, 277, 278, 280 
nflBvius, 279 
Dissura, 96, 429 

episcopus, 423, 424, 425, 428 
Dromajus, 120, 123, 134, 490, 491, 495, 
497, 498, 503, 507, 511, 
514, 515, 516, 525, 527, 
628 

ater, 521 

No\ft Hollandiae, 506 
Dromas, 350 

Dryocopus martins, 185, 186 
Dri/orniSy 384 
Dryotriorchis, 475, 478 

Bpectabilis, 474, 475, 478 


Eclec’tdr, 260, 262, 268, 269 

polychloroK, llH, 262, 264 
Ectopistes, 312, 313 
Edolius, 173 
Elanus, 473, 477 
Eloriusy '6bi\ 

Klomisy 444 
Erne us y 524, 525 

crassus, 149 
Ennliomisy 471 
Entomyza cyanotis, 177 
Eos, 256, 257, 259, 26<), 268, 269 
cardinalis, 260 
indicus, 262 
reticulata, 262 
EremophiJa, 174 
Erifimatura, 464 

rubida, 458 

Erythropnas, 309, 310, 312, 314 
Erythropus vespertinus, 475 
Eudocimus albuB, 439 

ruber, 435, 439 
Eudroniias, 340, 348 
Eudynamis, 272, 276, 277, 278, 279, 
280 

orientalis, 273 

Eudyptes, 30, 41, 42, 74, 396, 397, 400 
chrysooome, 397, 398, 399 
ohrysolophuR, 398 
Eudyptula minor, 41 
Eumcuuota, 210 
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EaplocamuSf 291 

albocristatufi, 29B 
ADdersoni, 293 
cristatas, 293 
erythrophthalmus, 293 
nobilis, 293 
nyothemenis, 293 
Swinhoii, 293 
Vieilioti, 290, 293 
Euphema, 268, 269 

pu lobelia, 202 
splendida, 262 
Eupodotia, 58, 332, 834 
arabs, 832 

australis, 332, 333, 334,835 
Denhanii, 331, 332, 333, 
334, 335 
kori, 332, 333 
Eupsychortyx, 291 
Euryliemus, 115, 174, 178 
Eurynorhynohus, 5, 837 

pygnupa, 5, 343 

Eurypyga, 147, 366, 377, 378, 380, 381, 
383 

helias, 377 

Eurystomus, 205, 206, 207, 208 
orientalis, 205 
Excalfactoria chinensis, 291 


Falco, 75, 474, 475 

SBsalon, 473, 475 
biarmicus, 475, 477 
brachypterus, 473 
candicans, 475 
Felde^i, 475 
lanarius, 475 
peregiinus, 473, 475 
sacer, 475 
subbuteo, 473 
Francolinus, 291, 304 
afer, 293 
Olappertoni, 291 
gularis, 293 
Frateitjula, 360, 388 

arctica, 41, 359, 862, 364, 
365, 873 
com icu lata, 364 

Fregata, 65, 93, 134, 150, 151, 161, 
401, 402, 404, 405. 406,409, 
410, 411, 412, 413, 415, 416, 
417, 418, 450 
aqatla, 402, 408, 407 
minor, 351 
Fregetta, 417, 448 
Pregilupus, 174 

Fulica, 17, 88, 322, 823, 329, 330 
ardeaiaca, 322, 324 
atra, 321, 322, 331 
cristaU, 331 


Fulica leucopiera, 324 
NewtoTii, 880 
prisca, 380 
Fuligula, 463 

ferina, 459 
rufina, 458, 459, 468 
Fulmarus glacialis, ^6 
Furnarius, 148, 182 

Galoula, 213, 214 

rufoviridis, 218, 214 
GalUnago, 841, 848 

gallinula, 848 
GalHnula chloropus, 822 
Gallus, 17, 290, 291, 800 

bankiva, 100, 291, 298, 298, 300 
domesticus, 292 
Sonuerati, 298 
Ganibetta, 848 

davipes, 341, 343 
Garrodia, 448, 449 
Garrulax albugularis, 177 
Gastorjiis, 125, 468, 469, 538 
Oecinus viridis, 185, 18<i, 187. See 
also Picus viridis 
vittatUB, 185 
Gcnifornis, 498 

Neirtmti, 498 
Geocichla citrina, 177 
Geococcyx, 188, 134, 155, 161, 271), 
277, 279, 281, 285, 895 
aibnis, 279 
Geopelia, 312, 814 

cuneata, 808 
humeralis, 808 
Geophaps scripta, 309 
Geopsittacus, 268, 269 

occidentalis, 262 
Geotrygon, 312, 318 

violacea, 811 
Geranoaetus, 474, 476 

melanoleucus, 474 
GtranopsiSy 379 
Geronticus melanopis, 486 
Glareola, 144, 341, 342, 850, 851, 380, 
883 

pratincola, 848 

Goura, 14, 305, 811, 312, 314, 817 
coronata, 308, 801^ 

Victoria?, 808, 311 
Gracula intermedia^ 172 

javanensis, 175, 177 
Graculavus, 419 

Grus, 75, 99, 366, 367, 869, 374, 375, 
377, 878, 879, 442 
atnericana, 367, 368 
antiqua, 367, 868 
australasiana, B67, 868 
canadensis, 867, 868 
i carunculata, 866, 307, 868, 309 
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Grus cinerea, 368 

leucogeranos, 366, 367, 868 
monaohua, 67 
Virgo, 98, 866, 367 
Guira, 272, 276, 277, 278, 280, 281 
piririgua, 279 
Gygis, 860, 861, 364. 866 
Gymnobucco, 196 

calvus, 195 
Gymnoglaux nudipes, 246 
Gymnorhina, 176, 176, 188 
leuconota, 177 
GypaetuB, 473, 474, 476 

barbatus, 473, 474 

Gypagus, 383, 481. See also 

GyparchuB 

papa, 477, 481, 482, 484 
GyparchuB, 481, 482 
Gypogeranus, 13, 442. See also Ser- 
pentariuB 
Gypohierax, 474 
Gyps, 476 

fulvus, 473 
OypsorniSf 381 


Hadrostomus aglaifip, 180 
Haematopus, 160, 339, 340, 343 

OBtralegUB, 339, 343, 344 
Halcyon, 198, 200 ; 

LesBoni, 199 
smyrnensis, 198 
vagans, 200 
Haley 07'ni8^ 356 
Halia, 174 

Haliaetus, 30, 66, 146, 398, 476 

albicilla,29,30, 474, 477,478 
vocifer, 477 

Hafpagomis, 484 I 

Harpyhaliaetus coronatus, 474 • 

Heliodilus, 244, 861 
Heliornis, 93, 325, 326, 327, 329, 397. 

See also Podoa ^ 

surinamensis, 326. See also 
Podoa surinamensis | 
Helotarsus, 476 

ecaudatus, 473 
Hemipodius, 319 

tachydromus, 320 
varius, 821 
Herpetotheres, 478 

cachinnans, 476, 478 
HesperorniSi 21, 121, 128, 134, 147 , 149, i 
161,160,161,385,390, | 
892, 893, 394, 395, 396, j 
406. 462, 469, 470,471, 
538 

crassipes^ 392 
gracilis^ 392 

regaliSi 392 j 


Heteralocha, 5 
Heterocnemis, 182 
Heteropelma, 180 
Hieracidea, 457 

berigora, 475 

Himantopus, 339, 341, 342 
andinns, 887 
brasiliensis, 343, 344 
nigricolUs, 342, 344 

Hirundo, 174 
Houbara, 331, 332, 333 

Macqueeni, 332, 334, 335 
nndulata, 382, 334 
H)"bri8, 245. See also Strix 
Hydrophasianus, 347 

chirurgus, 343 
Hydromis natatory 451 
Hylactes megapod ins, 68 
Hylomanes, 210, 211, 212 
gularis, 211 
Hymenolfemus, 467, 468 
Hypotftnidia celebensis, 330 
HypoxanthiiB Kivolii, 185, 186 
Hijpselornis sivalensisy 498 


Ianth(ENAS, 312, 313 

leucoleema, 308 
Ihidipodia, 444 
Ibis, 423, 435 

fethiopica, 4.35, 439 
strictipennis, 435 

Jchthyo7'nisy 21, 111, 112, 148, 160, 
392, 469, 470, 471, 533 
agiliSi 469 
ancepSy 469, 470 
dispavy 469, 470 
tenevy 469 
validttSy 469 
victory 469, 470 

Indicator, 61, 192, 196, 197, 229 
major, 196 
Irrisor, 222 

Ithaginis Geoff royi, 293 


Jacamerops, 213, 214 
Jynx, 185, 186, 188 
torquilla, 185 


Ketupa, 249, 260 

ceylonensis, 246 
javanensis, 245, 246, 240 


Lagopub, 304 
Lanius, 174 

Laoptcryx, 21, 154, 169, 628 
pr incus y 534 
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Larus, 112, 143, 850, 851, 854, 355, 446 
argentatas, 852, 858, 854, 855, 
860 

fusouB, 858, 855 
glanous, 858, 854, 855 
Jamesoni, 854 
marinus, 30, 352, 358, 354 
ridibundas, 353, 854 
Lathamos, 253, 255, 259, 260, 267, 
269, 270 

discolor, 137, 262 
Leptoptila, 312, 313 
Leptoptilus, 98, 422, 425, 428, 429 

argala, 419, 425, 427, 428 
crumeniferus, 425, 428 
Leptosomiis, 54, 205, 206, 207, 208 
discolor, 206 

Lcstris, 339, 850, 351, 353, 354, 357. 
See also Stercorarius 
antaroticus, 351, 352, 354, 355 
crepidatus, 351, 354 
pomatorhinas, 354 
Leaconerpes Candidas, 185, 186, 187 
Ijcacoptemis, 476 
Leucosarcia, 312, 313 

picata, 311 
Licmetis, 263. 268, 269 
Limosa, 339, 340, 341, 343, 348 
sgocephala, 345 
rufa, 343, 345 
Lipaagns cineraceos, 180 
LithomiSj 419 

imUurinus^ 484 
Lobiphasianos Balweri, 293 
Lobivancllus, 387, 342 

atronuchalis, 342 

Ijomvia troile, 363, 364. See also Uria 
troile 

Lophoactus, 478 

occipitalis, 474, 477, 478 
Lopholfpmas, 310, 311, 312, 313 
antarcticas, 310 

Lophophorus impejanus, 128, 293 
Lopbopsittacas maoritianus, 271 
Loriculas, 260, 268, 269 
galgalus, 262 
chrysonotus, 262 

Lorius, 20, 256, 259, 260, 263, 266, 
268, 269 
domicella, 267 
flavO'palUatus, 268, 266 
lory, 262 

Lundacirrhata, 859, 860, 861, 862, 864, 
865 

Lyncomis, 248 


MACH.«KH\ifPHUs Andersoni, 351 
Machetes, 841, 848 

pugnax, 345 


{ Macrodipteryx, 242 
Macropteryx, 226 
I mystacea, 226 

; Maoropygia, 811, 812, 318 

leptogrammioa, 808 
Majaqaeas, 445 
Malacoptila fusca, 189 
Mannc^ia, 59, 175 
atra, 177 

Megacepbalon, 291, 298, 299 

maleo, 294, 296, 297, 
300 

Megalema, 101, 102, 141, 187, 191, 
192, 198, 195 

asiatica, 192, 193, 195, 196, 
197 

Franklini, 192. 195 
Hodgsoni, 192 
javensis, 192 
virens, 192, 195, 196 
Megalapteryx, 524 
Megapodius, 291 
Meiglyptes, 82, 194 
Melanerpes erytbrocephalon, 185 
formicivorus, 185 
Melanitta fusca, 463, 464 
Meleagris, 290, 291, 292, 298, 304 
gallo-pavo, 290 
ocellata, 293 
Melierax, 476, 478 

monogrammicns, 474, 478 
polyzonus, 474 

Melopsittacus, 12, ^0, 268, 269 
Menara, 137, 146, 161, 172, 177, 182, 
183, 298, 375 
superba, 67, 173 

Mergus, 455, 459, 462, 463, 465, 466, 
467, 468 

albicilluH, 458, 459 
castor, 459 

merganser, 458, 459, 460 
Merops, 208, 210, 447 
ornatus, 209 

Mesites, 366, 370, 371, 377, 379, 380, 
383 

Mesopteryx, 149, 524 
Metopidius, 126, 347 

africanus, 841 
peposaca, 459, 468, 468 
Metropelia, 312, 818 
Microglossa, 257, 268, 268 

aterrima, 255, 256, 262 
Microbierax ooerulesoens, 478, 474, 

I 475 

[ Micropallas, 245 

I Mioi^opas melanoleaea, 227, 229, 280 
Milnea, 856 
Milvago, 475 

cbima-cbima, 478 
, chimango, 474, 476 
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Milvus, 476 

iciinus, 474, 476, 477 
Mitua, 291 

tomentosa, 291, 293 
tuberosa, 298 

Mcmotas, 200, 210, 211, 212, 218 
lequatorialis, 211 
brasiliensis, 211 
Lessoni, 211 
Monasa, 188 

panamensiB, IBS 
iiigrifrons, 189 
MorphnuB, 476 
Motacilla, 174 
Mulleripicus fulvus, 185 
Mnllerornis, 522 
Musophaga, 17, 282, 283, 300 
violacea, 283 
Mycteria, 427 

americana, 425, 428 
Myiophoneus Horstieldi, 177 


t 

I 

i 

i 


Nasiterna, 268 

Necrc^sittacus rodericanus^ 271 
Necrornis^ 282 
Neophron percnopterus, 473 
Nesocichla eremita, 177 
Nesolimnas, 330, 331 

Dieffenbachii, 330 

Nestor, 259, 260, 261, 263, 265, 267, 
268, 270, 271, 457 
meridionalis, 262 
notabilifi, 264 
Nipponia Teraminckii, 435 
NisaetuR, 476 
Nisua, 79 
Nothooercus, 486 
Nothocrax urumutum, 422 
Nothura, 12, 99, 491 

maculosa, 487, 488, 489, 490 
491 

major, 489 
Notornis, 330 

Mantellij 330 

Numeniua, 5, 125, 150, 337, 338, 339, 
340, 341, 343 
arquanus, 339, 344, 346 
femoralis, 116 
pbceopus, 343, 378 
Numida, 291, 298, 304 

oristata, 293, 300 
Edouardi, 293 
meleagris, 298 
ptilorhyncha, 293 
vulturina, 293 
Nyctea nivea, 246, 246 
Nyctibius, 232, 241, 242 

jamaiconsia, 239 
Nycticorax, 428 


Nycticorax caledonicus, 430 
(lardeni, 97, 431 
griseus, 431, 448 
violaoeus, 430 

Nyctldromus, 284, 286, 237, 242 
albicollis, 231, 235 
Nyctiomis, 209 
Nymphicus, 269 
Nyroca, 468 

leucophthalma, 459 


OcYDUOMUS, 322, 323, 324, 330, 331, 
457 

Earlei, 321, 322, 323, 324 
lafresnayanus, 322 
sylvestris, 322 
Ocyphaps, 312, 313 
Ocypterus, 174, 182 
Odontophorus, 291 

dentatus, 293 
Odontopteryx, 384 

toliapicus^ 21, 160, 418 
(Kdemia nigra, 464, 466, 468 
CEdicnemus, 37, 146, 261, 333, 335, 
338, 340, 343, 345, 348, 
357, 383, 400, 448 
bistriatus, 341, 343, 346 
crepitans, 348, 344, 345 
grallarius, 341, 343, 345. 

See also Burrhinus 
Buperciliaris, 343 
(Ena, 312, 314 
(Estrelata, 445 

brevirostris, 447 
Lessoni, 447 

Opisthocomus, 17, 21, 54, 96, 97, 99, 
108, 109, 116, 120, 123, 
124, 128, 131, 144, 166, 
284, 286, 287, 288, 289, 
290, 317, 448, 532 
cri status, 108, 285, 286, 
288 

Oreopsittacus Arfaki, 253 
Oriolus, 174 
Ortalis, 292, 299 

albiventris, 291, 294, 299 
Orthonyx, 54 
Ortyx cristata, 293 
, Gambelii, 298 
virginianus, 293 
Ossifraga, 446, -447, 449 
Otidiphaps, 305 

Otis, 80, 93, 98, 809, 318, 381, 332, 
333, 334, 335, 879, 382 
tarda, 332, 833, 834, 385 
OtuB vulgaris, 245, See also Asio otus 

pAcuroJiffis^ 624 
Pakeeudyptcsf 401 
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PaLelodm^ 444 
Palaocic&iiia, 444 
PaUfiogrm^ 379 
Pakeoperdix, 304 
Palicomis, 260, 268, 268, 269 
Aiexandri, 262 

Palicolimnas duithamemis, 330 
Pakeoriyx, 304 
Pakeosphenutciis, 401 
PaUtotringa, 356 

Palamedea, 17, 76, 84, 88, 89, 91, 92, 
94, 99, 102, 103, 107, 
108, 110, 165, 304, 451, 
452, 454, 455, 500, 501, 
533 

cornuta, 108 

Pandion, 13, 17, 25, 103, 117, 245, 
249, 253, 472, 478, 479, 484 
Panypiila nelanoleuca, 226, 227 
Paradisea, 174 

rubra, 178 

Parra, 824, 340, 341, 347 
albinucha, 347 
jacana, 341 
sinensis, 342 
Parus majoTi 30, 31 
Pastor roseus, 177 
Pauxi galeaia, 299 
Patagona gigas, 226 
Pavo, 16, 291, 292 

cristatas, 290, 293 
maiicas, 293 
nignpennis, 298 
spietler, 298, 294 
Pedionomus, 319, 320 
torqnatas, 819 
Pelargc^siSi 198 
Pelargomis, 419 

Pelecanoides, 2, 86, 122, 417, 445, 446, 
447, 448 

Pelecanus, 79, 150, 402, 408, 404, 405, 
406, 409, 410, 411, 412, 
413, 415, 416, 417, 418 
conspicillatas, 406 
crispuB, 406, 407 
fuBcus, 406, 407 
mitrains, 408, 406, 407 
onocrotalas, 408, 406, 407 
mfescens, 408, 406, 407, 409 
trachjrhynchus, 5 
PsUcifomis, 384 
Penelope eristata, 293 
enjtibi, 294 
jaencaca, 294 
pileata, ^4 
Perdioola, 298 

cinerea, 298 
Peristera, 813, 818 

Oeoilroii, 308 


Pernis, 13 

apivorus, 17,478 
Pezophaps, 314, 815 

aolitarim^ 814 

Phaethon, 150, 151, 226, 402, 403, 
404, 405, 406, 409, 410, 
411, 412, 415, 417, 418 
Candidas, 351 
Oavirostris, 409 
rubrieauda, 351 
Phaethornis, 86, 226 
Phalacrooorax, 14, 123, 184, 151, 8H4, 
390, 404, 405, 40(i, 
408, 409, 410, 411, 
412, 418, 415, 416, 
462 

africanus, 404, 405 
bicristatus, 411 
brasilienais, 402, 403, 
404, 405, 418 
carbo, 402, 403, 404, 
405,408, 410 
graculus, 402 
lugubris, 405 
perspicillatus, 411 
varius, 408 

Phaleris, 357, 363, 364 

psittacuia, 362, 363, 365 
Phaps, 305, 30i), 311, 312, 313 
chalooptera, 305, 308 
elegans, 305, 308 
Pharomacrus mocinno, 99, 204 
Phasianus, 291. 304 

versicolor, 293 
Phebcetria, 2 
Pheucticus, 175 
Philepitta, 174, 180, 181 
Pbloga'tias, 312, 313 

cruentatus, 305, 307, 308, 
309 

Stairi, 805, 308, 809 
PhfBnicophaes, 275, 276, 277, 279, 280, 
281 

Phcenicopterus, 58, 73, 84, 93, 94, 101, 
152, 386, 419, 440, 441 
Phonygama, 60 
PhororhacoB^ 384, 385, 469 

Umgisiiimus, 384 

Photodilus, 8, 244, 247, 248, 249, 250, 
251, 252 
badiuB, 34, 244 
i Phrenotrix, 173 
[ Phytotoma, 182 

rara, 21 

Piaya, 274, 276, 277, 278, 280 

cayana, 241, 274, 275, 277, 279 

tridaotylns, 185 
Pkolaptes aifinis, 165 
. PicuB, 98 
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Pious major, 185 

minor, 185, 180 

viridis, 184, 185. See also 
Geoinus viridis 
Pionopaitta, 269 

pileata, 202 

Fionas, 254, 256, 257, 269, 270 
Maximiliani, 262 
senilis, 262 

Pipile cumanensis, 294 | 

jacutinga, 294 j 

Pitta, 181 

Platalea, 24, 00, 409, 422, 423, 429, 
485, 489, 442 

ajaja, 485, 436, 438, 439 ( = P. 

rosea, q.v,) 
alba, 488 

leucorodia, 55, 57, 435, 437, 
489 

rosea, 227, 434 ( Platalea 
ajaja, q.v.) ! 

Platycercus, 255, 256, 257, 261, 263, 269, i 
270 i 

Barnardi, 258, 261, 262 
pallidiceps, 261, 262 
Pennanti, 264 

Plectropterus, 452, 465, 466 

gambensis, 458, 459, 
465, 466, 468 
niger, 459, 465 
Buppelli, 465 
Plegadis falcinellus, 485 
Plotus, 19, 184, 884, 402, 408, 404, j 
405, 406, 408, 409, 410, 411, | 

412, 418, 415, 416, 418 
anbinga, 22, 402, 408, 412, 

413, 414, 415 I 

Levaillanti, 408, 418, 415 I 
melanogaster, 402, 408, 413^, ! 

415 ; 

Novae Hollandia^, 413 ' 

Piuvianus, 350 * 

Pnoepyga, 173 | 

Podargus, 78, 74, 79, 98, 101, 232, 234, | 
285, 287, 289, 240, 242, 
243 244 

CuvieH, 281, 235, 236 
Podasocys montanus, 838 
Podlca, 825, 826, 827, 829, 404, 446 

senegalensis, 98, 128, 825, 827, 
828 

Podicipes, 98, 326, 827, 386, 389, 
894 

cornutus, 388, 389 
oristatus, 387, 389 
minor, 887, 888 
Podil3mibu8, 886 
Podoa, 891 

surinamensis, 825. See also 
Heliornis Hurinamensls i 
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Poecilonetta bahamensis, 459 
PcBocephalus, 256, 259, 260, 261, 268, 
270 

Pogonorhynchus bidentatus, 195 
Polyboroides, 472, 474, 479 
typicus, 474 
Polyborus, 474 

brasiliensis, 474, 476, 477 
Polyplectron bicalcaratum, 298 
chinquis, 298 
Polyteles, 256, 257, 268 
melanurus, 258 
Porphyrio, 55, 87, 324 

madagascariensis, 322 
luartinicus, 828 
Porzana Carolina, 821, 822 
notata, 822 
Prion, 446 

PrionituruB, 268, 269 
Prionorhynchus, 210 
Procellaria, 445 

gigantea, 449 
Projyelargus, 444 
Psarisomus, 178 
Psephotus, 255, 260, 269, 270 
Psittaoula, 86, 260, 269, 270 
passerina, 254, 851 

Psittacus, 89, 254, 256, 257, 259, 260, 
263, 266, 269, 270 
erithacus, 262, 268 
Psittinus, 268, 269 

malaccensis, 262 

Psophia, 16, 123, 137, 143, 146, 161, 
165, 298, 357, 366, 371, 
374, 875, 376, 877, 378, 
379, 382 

leucoptera, 375, 376 
Pterocles, 3, 84, 80, 85, 148, 288, 807, 
308, 309, 318, 315, 316 
317, 818, 351, 386 
alchata, 316 
arenarius, 316, 817 
PteroglossuR, 190 

Wiedi, 192 
Pteroptoohus, 299 
Ptilonorhynchus holosericeus, 177 
violaoeus, 99, 175 

Ptilopacbya, 298 

ventralis, 800 

Ptilopus, 305, 808, 307, 309, 312, 314 
assimilis, 305 
jambu, 806, 808 
melanooephalus, 808 
ooronulatus, 305 307, 308 
paella, 805 
superbus, 805, 307 
Palsatrix, 246 

torquata, 245, 246 ^ 

Pygosccles, 896, 398, 399, 400 
papua, 897 


N N 
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Pyrrbooentor, 275, 276, 277, 278, 279, 
281 

celebengis, 279 
PyrrhuU, 268, 270 

Pyrrhnlo]>Bi8, 255, 266, 257, 260, 268, 
269, 270 
peroonata, 264 
splendoDs, 262 

Qhsrqctbbuijl eiroia, 459 
crecoa, 467 
Quisoaius versicolor, 176 

lUu^us, 148, 822, 881 

aqoaticas, 821, 822 
macolatus, 823 

Reourvirostra, 5, 887, 338, 841, 843, 
848, 857 

avooetia, 887, 889, 843 

BemicmiSf 419 

lihamphastos, 17, 25, 81, 100, 194 
ariei, 192 
oarinatas, 99, 190 
Cavieri, 83 
dicoloms, 190, 191 
tocard. 190 

Rhea, 2, 18, 84, 81, 101, 108, 128, 182. 
140, 162, 311, 490, 491, 495, 
497, 498, 500, 502, 603, 505, 
506, 507, 509, 611, 612, 518, 
514, 525, 526, 527, 528 
americana, 84, 498, 506, 507, 
508, 511 

Darwini, 84, 505, 507, 511 
macrorhyncha, 506, 511 
Bhinochetus, 17, 146, 147, 149, 282, 
885. 857, 866, 870, 
871, 872, 877. 878, 
879, 880. 881. 888, 
441,480 

jnbataa, 869, 870 
Rhinooocoyx, 272, 280 
Rhinogrypbos, 481 

oalifomianus, 478 
Bhinopomastns, 222, 

Biwdoiiessa caryophyllacea, 459, 461 
Ehyii4sluBa, 16, 887, 842 

australis, 60, 845 
oapensis, 60, 845 

Bhynohops, 5, 78, 860, 851, 852, 858, 
^ 855, 470 

Bhynebotus, 88. 489, 491 

p«rdicarins, 460 
mfesoens, 81, 486, 487 
469, 491, 492 

Rhytidiceros plicatus, 99, 289. Res 
oImo Buoeros plkaias 
Bixnator miUacc^ltis, 177 
Bissa tridactyla. 851, 854 
BoUulus, 29] 


BoUulaa ooronaius, 298 
Buplcola, 54, 179 


Saucidiobkis, 452, 462, 465 
I carunculata, 459, 468 

j melanonota, 459, 461 

i Saroorhampbus, 50, 101, 481, 482 
- Saaromarptia, 198 
‘ Gaudiobaudi, 198 

Saoropates, 198 

; albioilla, 198, 199 

sanotus, 198 

1 Saurothera, 272, 274, 276, 277, 278, 
; 280 
^ dominioensis, 279 

I Scaniomis, 444 
Sohizorhis, 282, 283, 2S4 
I africanus, 288 

j Soolopax, 337, 341, 842, 343 

rusticola, 848, 844. 345 
j Scops asio, 245 
j Lempiji, 246, 246 

I leucotis, 245, 251 

i Scopng, 99. 343, 419. 420, 421, 422, 4.H2, 
j 434, 440 

1 umbrelta, 118, 420, 434 

1 Scytbrops, 241. 275, 278, 279, 280 
( Selenidera, 190 
I Selencides, 174 
j nigra, 68, 177 

Serilopba, 178 

Serpentarius, 57, 93, 145, 886, 882, 
472, 474, 479. 480, 
481, 484. See also 
Gypogeranus 
reptilivorus, 477 
robmtus, 484 
Somateria, 4G8 

mollissima, 464 
Spatula clypeata, 459 
Speotyto, 247, 248 

ounioularia, 246, 247 
Spbagolobus atratns, 219, 221. See 
aleo Buceros atratus 
Spheniscus, 860, 396 

demersus,41, 897, 898, 400 
Humbuldti, 400 
magellanicus, 898 
mendionlus^ 397 
Spbyrapfeus nucbalis, 184 


varins, 185 

Spilo^^x Novn Z^ndi«, 244 
BpilcMTUis, 476 

baoba, 478 
obeala, 478 
Splsf«tai|p54, 476 

,, jaligatus, 477 

477 

^ 844 
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8teatomig» GO, 70, 112, 147, IGl, 282, 
288, 234, 286, 286, 287, 
280, 240, 241, 242, 248, 
276 

car'tpensis, 288, 284, 286, 
240 

Stercorarius, 851. See also Lestris 
StereorniSf 885 

Sterna, 20, 126, 888, 850, 852, 858, 854, 
470 

oantiaoa, 854 
hirundo, 20, 359 
Stern ula, 856 
Strepera, 175 

graculina, 177 
Strepsilas, 848 

interpres, 848, 845 
Strictonetta ntcvosa, 468 
Stringops, 128, 253, 257, 258, 259, 200, 
261, 262, 263, 265, 266, 
268, 269, 270. 271, 457. 
520 

habroptilus, 255, 256, 264 
Strix, 244, 245, 247, 248, 249, 250, 252. 
Ses also Hybris 
flammea, 245, 247 
NovflB Hollandias, 245 
pratinoola, 245 
Tengmalmi, 245 
Strntbidea cinerea, 43, 177 
Strutliio, 12, 28, 30, 64, 82, 85, 88, 89, 
148, 462, 493, 495, 498, 
500. 501, 502, 503, 506, 
507, 510, 512, 525, 526, 
527, 528 

camel us, 28, 495, 505, 506 
molybdophanee, 495 
Sturnella, 174 

Sula, 408, 404, 405, 408, 411, 412, 413, 
415, 416, 418 
bassana, 403, 404 
fusca, 404 

Surnia funerea, 246 
Byma, 199, 200 
Synallaxis, 182 
Synthiiborhamphus, 359 

antiquus,859, 860, 
861, 863, 364, 
865 

Syniium, 42 

aluco, 246, 246 
nebulosuin, 245, 246 
Syrrhaptes, 8, 83, 815, 817 
paradoxas, 84 


Tachtbaptes, 886* 888 

fluviatilia, 889 

Tachyeres, 460, 466 , ^ - 

cinereuB, 456, 466, 4^ 


Tadoma tadomoldeB, 459 
vulpanser, 466 
Talegalla, 291, 298, 299 

Lathami, 294, 800, 304 
Tanagra festiva, 177 
sayaca, 177 

Tantalus, 71, 422, 428, 425, 428, 429, 
442, 491 

ibis, 22, 425, 426, 428 
leucocephaluft, 427 
loculator, 66, 68, 425, 428, 
434 

Milne- Edwardsi, 444 
Tanygnathus, 256, 257, 260, 268, 269 
1 Muelleri, 262 

I Tanysiptera, 197, 199, 200 
Taoperdix, 304 
‘ Telmatomis^ 471 
j Teracus, 484 
I Tetragonops, 192 
Tetrao, 290, 291, 298, 304 
cupido, 293, 303 
phasianeilus, 293 
tetrix, 293, 296 

urogallus, 60, 293, 298, 301 
321 

Tetrapteryx, 368, 369, 375 
Tetrax, 2, 331, 332, 333 
campestris, 832 
Thalassiarche, 86, 353 
Thalassceoa glacialoides, 449 
Thaumalea AmherstiaB, 293 
picta, 292 

Thinocorus, 21, 144, 318, 819, 338, 349 
runiicivorus, 341, 343, 350 
Thrasaetus, 476 

harpyia, 473 

Tiga, 2 

javanensis, 185 
Shorei, 184, 185 
Tigrisoma brasiliense, 430, 431 
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Cromwell's Place in History. 
Founded on Six Lectures delivered in the 
University of Oxford. Cr. 8vo., 31. bd. 

The Student's History of Eng- 
land. With 378 Illustrations. Crown 

8V0., 121. 

Also in Three Volumes, price 41. each. 

Vol. I. B.c. 55— A.D. 1509. 173 Illustra- 
tions. 

Vol. II. 1509-1689. 96 Illustrations. 

Vol. III. 1689-1885. 109 Illustrations. 

Greville. — A Journal of the Reigns 
OP King George IV., King IWilliam IV., 
AND Queen Victoria. By Charles C. F. 
Greville, formerly Clerk of the Council, 
d vols. Crown 8vo., 31. bd. each. 

harvabd historical studies. 

The Suppression of the African 
SiAYE Trade to the United States of 
America, 1638-1870. By W. E. B. Du 
Bois, Ph.D. 8vo., 71. ' ■ 

The Contest over the Ratificaton 
OF THE Federal Constitution in Massa- 
chusetts. By S. B. Harding, A.M. 
8vo., 65. 

A Critical Study of Nullification 
IN South Carolina. By D. F. Houston, 
A.M. 8vo., bs. 

Nominations for Elective Office 
IN THE United Stites. By Frederick 
W. Dallinger, A.M. 8vo., 71. bd. 

A Bibliography of British Muni- 
cipal History, i.xcluding Gilds and 
Parliamentary Representation. By 
Charles Gross, Ph.D. 8vo., 12s. 

The Liberty and Free Soil Parties 
IN THE North West. By Theodore C. 
Smith, Ph.D. 8vo, 75. bd. 

Other Volumes are in preparation. 

Hammond. — A Womans Part in 
A Revolution. By Mrs. John Hays 
Hammond. Crown 8vo., 21. bd. 

Historic Towns.— Edited by E. A. 

Freeman, D.C.L., and Rcv.William Hunt, 
M.A. With Maps and Plans. Crown 8vo., 
3*5. bd. each. 

Bristol. By Rev. W. Hunt. Oxford. By Rev. C. W. 
Csrlisle. By Msodell ! Bosse. 

Creighton, D.D. Winchester. By 0. W. 

Cinque Ports. By Mon- Kitchi%D.D. 

tsfue Burrows. York. By Rev. James 

Colchester. By Rev. E. L. Reine. 

Cutti. New York. By Theodore 

Exeter. ByE. A. Freeman. j Roosevelt. 

I oodon. By Rev W ). Boston (U.S.) By Henry 
Cabot Lodge. 
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History, Polities, Polity, Political Memoirs, ko— continued. 


J(«rce (P. W., LL.D.). Macaulay (Lord). 


A Shqrt History of Ireland, 

from the Earliest Times to 1603. Crown 
8vo., xor, 

A Child's History of Ireland. 
From the Earliest Times to the Death 
of O’Connell. With specially constructed 
Map and 160 Illustrations, including 
Facsimile in full colours of an illumi* 
nated page of the Gospel Book of Mac* 
Durnan, a.d. 850. Fcp. 8vo., 35. 6d. 


Kaye and Malleson.— of 

THE Indian Mutiny, 1857*1858. By Sir 
John W. Kaye and Colonel G. B. Malle* 
SON. With Analytical Index and Maps and 
Plans. 6 vols. Crown 8vo., 3s. 6d. each. 


Lang (Andrew). 

Pickle the Spy: or, The Incognito 
of Prince Charles. With 6 Portraits. 
8vo., 1 8s. 

St. Andrepys. With 8 Plates and 
24 Illustrations in the Text by T. Hodge. 
8vo., 15s. net. 

Laurie. — Historical Survey of 
Pre-Christian Education. By S. S. 
Laurie, A.M., LL.D. 8vo., 12s. 


Lecky (The Rt. Hon. William E. H.) 

History of England in the Eigh- 

tsesth Ceatury. 

Library Edition. 8 vols. 8vo. Vols. I 
and II., 36s. ; Vols. III. and IV., 36s.; 
Vols. V. and VI., 36s.; Vols. VII. and 
VIII., 36s. 

Cabinet Edition. England. 7 vols. ' 
Crown 8vo., 6s. each. Ireland. 5 
vols. Crown 8vo., 6s. each. 

History of European Morals 
FROM Augustus to Charlemagne. 
vols. Crown 8vo., i6s. 

History of the Rise and Influ- 
ence OF the Spirit of Nationalism in 
Europe. 2 vols. Crown 8vo., i6s. 

Democracy and Liberty. 2 vols. 
8vo., 36s. 


The Life and IVorks of Lord 
Macaulay. ‘ Edinburgh ’ Edition, lo 
vols. 8 vo., 6 s. each. 

Vols. I.-IV. History of England. 

Vols. V.-VII. Essays; Biographies; 
Indian Penal Code; Contributions 
TO KnighPs '’Quarterly Magazine' . 
Vol. VIII. Speeches ; Lays of Ancient 
Nome : Miscellaneous Poems. 

Vols. IX. and X. The Life and Letters 
OF Lord Macaulay. By the Right 
Hon. Sir G. 0 . Trevelyan, Bart 
This Edition is a cheaper reprint of the Library 
Edition of Lord Macaulay’s Life and Works. 

Complete Works. 

Cabinet Edition. i 6 vols. Post 8 vo. 
£4 i 6 s. 

Library Edition. 8 vols. 8vo., £5 5s. 

' Edinburgh' Edition. 8 vols. 8vo., 6s. 
each. 

History of Elgland from the 
Accession of James the Second. 
Popular Edition. 2 vols. Cr. 8vo., 5s. 
Student's Edition. 2 vols. Cr. 8vo., 12s. 
People's Edition, 4 vols. Cr. 8vo., i6s. 
Cabinet Edition. 8 vols. Post 8vo., 48s. 

‘ Edinburgh ' Edition. 4 vols. 8vo., 6s. 
each. 

Library Edition. 5 vols. 8vo., £4. 

Critical and Historical Essays, 
WITH Lays of Ancient Rome, etc., in i 
volume. 

Popular Edition. Crown 8vo., 2s. 6d. 
Authorised Edition. Crown 8vo., 2s. 6d., 
or gilt edges, 3s. 6d. 

‘ Silver Library ' Edition. With Portrait 
and 4 Illustrations to the ‘ Lays ’. Cr. 
8vo., 3s. 6d. 

Critical and Historical Essays. 

Student's Edition, i vol. Cr. 8vo., 6s. 
People's Edition. 2 vols. Cr. 8vo., 8s. 

‘ Trevelyan ’ Edition. 2 vols. Cr. 8vo., gs. 
Cabinet Edition. 4 vols. Post 8vo., 24s. 

‘ Edinburgh ’ Edition. 3 vols. 8vo., 6s. 
each. 

Library Edition. 3 vols. 8vo., 36s. 

Ess A YS, which may be had separately, 

sewed, td each ; cloth, is. each. 

Addison and Walpole. Ranke and Gladstone. 
Croker’s Boswell’s Johnson. Milton and Machiavelli. 
Hallam’s Constitutional Lord Byron. 

History. Lord Clive. 

Warren Hastings. Lord Byron, and The 

The Earl of Chatham (Two Comic Dramatists of 
Essays). the Restoration. 

Frederick the Great. 

Miscellaneous Writings 

People's Edition, i vol. Cr. 8vo., 4s. 6d. 
Library Edition. 2 vols. 8vo., 21s. 
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Macaulay (Lord) — continued. 

Mis ck l l ne o us IV k / riNaSy 

Speeches axd Poems. 

Popular Edition. Crown 8vo., 2s. td. 
Cabinet Edition. 4 volb. Post 8vo., 245. 

IONS FROM THE WRITINGS OF 
Lord Macaulay. Edited, with Occa- 
sional Notes, by the Right Hon. Sir G. O. 
Trevelyan, Bart. Crown 8vo., 65. 

MacColl. — The Sultan and the 

Powers. By the Rev. Malcolm MacColl, 
M.A., Canon of Ripon. 8vo., los. td. | 

The Union of Eng- j 
land and Scotland: a Study of\ 
International History. By James : 
Mackinnon Ph.D. Examiner in History j 
to the University of Edinburgh. 8vo., i6r. j 

M ay. — The Cons titu tiona l His- 
tory of England since the Accession 
of George 111 . 1760-1870. By Sir Thomas 

Erskine May, K.C.B. (Lord Farnborough). 

3 vols. Cr. 8vo., i8i. 

Merivale (Charles, D.D,), sometime 

Dean of Ely. 

His tor y of the Roma ns i nder the 
Empire. 8 vols. Crown 8vo., 3s. bd. each. 
The Fall of the Roman Republic: 

a Short History of the Last Century of the 
Commonwealth. i2mo., 75. 6 d. 

General History 01 Rome, from 
the Foundation of the City to the Fall of 
Augu.stulus, B.c. 753-A.D. 476. With 5 
Maps. Crown 8vo, 7s. 6(/. , 

Montague. The Elements of ' 
English Constitutional History. By 
F. C. Montague, M.A. Crown 8vo., 35. 6</. 

K\ch.mdsi.—^APPEN/ELL : Pure De- 
mocracy and Pastoral Life in Inner- 
Phoden. A S\NTSs Study. By Irving B. i 
Richman, Consul-General of the United i 
States to Switzerland. W’ith Maps. Crown 

8 VO., 5 i. j 

Seebohm (Frederic). 

The English Village Community . 
Examined in its Relations to the Manorial i 
and Tribal Systems, etc. With 13 Maps | 
and Plates. 8vo., i6j. | 

The Tribal System in Wales : \ 
Being Part of an Inquiry into the Struc- 
ture and Methods of Tribal Society. 
With 3 Maps. 8vo., I2J. 

Sharpe. — London and the Kingdom: 

a History derived mainly from the Archives 
at Guildhall in the custody of the Corpora- j 
tion of the City of London. By Reginald j 
R. Sharpe, D.C.L., Records Clerk in the 
Office of the Town Clerk of the City of 
London. 3 vols. 8vo. 105. bd. each. 


Smith. — Ca r tha ge a nd the Car th- 

AGiNiANS. By R. Boswokth Smith, M.A., 
With Maps, Plans, etc. Cr. 8vo., 3s. bd. 

Stephens. — A History of the 


each. 


Stubbs.— AS' 7 'DAJ' OF THE UNIVER- 
SITY OF Dublin, from its Foundation to 
the End of the Eighteenth Century. By J. 
W. Stubbs. 8vo., 125. bd. 


Sutherland.— 7// A History of Aus- 
tralia and New Zealasd. from 1606- 
1890. By Alexander Sutherland, M.A., 
and George Sutherland, M.A. Crown 
8vo., 2s. bd. 


Taylor.— ^ StudenTs Manual of 
THE History of India. By Colonel Mea- 
dows Taylor, C.S.I., etc. Cr. 8vo., 75. bd. 

Todd. - Pa rl !a menta ry Goj ’ern- 

MENT IN THE pRITISH COLONIES. By 

Alpheus Todd, LL.D. 8vo,, 305. net. 

Wakeman and Hassall.— ^s\s\4r.s 
Ini RODULTOKY 10 THE Study OF English 
Constitutional History. By Resident 
Members of the University of Oxford. 
Edited by Henry Offlly Wakeman, 
M.A., and Arthur Has.sall, M.A. Crown 
8vo., bs. 


Walpole. — His tor j ' of England 
FRo.M the Conclusion of the Great 
IVar in 1815 to 1858. By Sir Spencer 
Walpole, K.C.B. 6 vols. Crown 8vo., 
65. each. 


Wood-Martin. — Pagan Ireland : 
an Archmological Sketch. A H andbook 
of Irish Pre-Christian Antiquities. By W. 
G. Wood-Martin, M.R.I.A. With 512 
Illustrations. Crown 8vo., 15s. 


Wylie. — History of England 
UNDER Henry IV. By James Hamilton 
Wylie, M.A., one of H.M. Inspectors of 
Schools. 4 vols. Crown 8vo. Vol. L, 1399- 
1404, loj. bd. Vol. IL, 1405-1406, 15s. Vol. 
III., 1407-1411, 155. Vol. IV., 1411-1413, 
21J. 
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Armstrong. — TheLifeandLetters Halford. — The Life of Sir Henry 


OF Edmund j. Armstrong. Edited by ^ 
G. F. Savage Armstrong. Fcp. 8vo., 7s. 6d. | 

Bacon. --77/ A Letters and Life of \ 
Francis Bacon, including all his Oc~ 
CASiONAL I'VoRKS. Edited by James Shed- 
ding. 7 vols. 8vo., 4s. 

Bagehot. — Biographic a l Studies. 

By Walter Bagehot. Crown 8vo., 3s. 6rf. 

Blackwell. — Pioneer Work in j 
Openi.ng the Medical Profession to 
IVoMEN : Autobiographical Sketches. By 
Dr. Elizabeth Blackwell. Cr. 8vo., 6s. 

Brown. — Ford Madox Broun: A 

Record of his Life and Works. By Ford M. 
Hueffer. With 45 f'ull-page Plates (z2 
Autotypes) and 7 Illustrations in the Text. ' 
8vo., 42.S. 

Buss. — Frances Mar]’ Buss and 
HER Work for Education. By Annie 
E. Ridley. With 5 Portraits and 4 Illus- 
trations. Crown 8vo, 75. 6(i. 

Carlyle.— 77/rw^. S' Carlyle: A His- 
tory of his Life. By James Anthony 
Fkoude. ' 

1795-1835. - vols. Crown 8vo., 7s. 

1834-1881. 2 vols. Crown 8vo., 7s. 

Digby. - The Life of Sir Kenelm 

Dighv, by anv of his Dcsiendants, the 
Author oi ‘ Falklands,’ etc. With 7 Illus- 
trations. 8vo., 165. 

Duncan. — Admiral Duncan. By 

The Earl of Camhekdown. With 3 Por- 
traits. 8vo., i6s. j 

ferasmus. — Life and Letters of 
Erasmus. By James Anthony Fkoude. 
Crown 8vo., 65. 

FALKLAND.S. By the Author of 
‘The Life of Sir Kenelm Digb),’ etc. 
With 6 Portraits and 2 other Illustrations. 
8vo., 105. 6(/. 

Faraday. — Faraday as a Dis- 
coverer. By John Tyndall. Crown 
8vo, 35. 6^/. 

Fox. — The Ea rly His tor i ' of 
Charles James Fox. By the Right Hon. 
Sir G. 0 . Trevelyan, Bart. 

Library Edition. 8vo., 185. 

Cabinet Edition. Crown 8vo., 6s. 

Halifax. — The Life and Letters of 
Sir George S a vile, Baronet, First 
Marquis of Halifax. With a New 
Edition of his Works, now for the first time 
collected and revised. By H. C. Foxcroft. 

2 vols. 8vo., 32s. 


Halford, Bart., G.C.H., M.D., F.R.S. 
By William Munk, M.D., P'.S.A. 8vo., 

I2S. (\d. 

Hamilton.— Z/AA of Sir Wllliam 
Hamilton. By R. P. Graves. 8vo. 3 vols. 
15s. each. Addendum. 8vo., 6d. sewed. 

Harper. — ^ Memoir of Hugo 
Daniel Harper, D.D., late Principal of 
Jesus College, Oxford, and for many years 
Head Master of Sherborne School. By L. 
V. Lester, M.A. Crown 8vo,, 5s. 

Havelock. — Memoirs of Sir Henry 
Havelock, K.C.B. By John Clark 
Makshman. Crown 8vo., 3s. 6d. 

Haweis. — Mr Musical Life. By 

the Rev. H. R. Haweis. With Portrait of 
Richard Wagner and 3 Illustrations. Crown 
8vo., 7s. 6d, 

Holroyd.— 7>/a Girlhood of Maria 
JosEPHA Holroyd (Lady Stanley of 
Aldcrlcy), Recorded in Letters of a Hun- 
dred Years Ago, from 1776-1796. Edited 
by J. H. Adeane. With 6 Portraits. 
8vo., 185. 

I Jackson. — Stoneiyall Jackson. 

I By Lieut. -Col. G. F. Henderson, York and 
j Lancaster Regiment. With Portrait, Maps 
, and Plan.s. 2 vols. 8vo., 425. 

i Lejeune. — Memoirs of Baron Le- 

\ lEUXE, Aide-de-Camp to Marshals Berthier, 

I Davout, and Oudinot. Translated and 
! Edited from the Original French by Mrs. 
Arthur Bell (N. D'Anvers). With a 
Preface by Major-General Maurice, C.B. 
2 vols. 8vo., 245. 

Luther. — Life of Luther. By 
Julius Kostlin. With 62 Illustrations 
and 4 Eacsimilies of MSS. Translated 
from the German. Crown 8vo., 35. M. 

Macaulay.— 77/a Life and Letters 
OF Lord Macaulay. By the Right Hon. 
Sir G. 0 . Trevelyan, Bart. 

Popular Edition, i vol. Cr. 8vo., 25. 6d. 
Student's Edition i vol. Cr. 8vo., 65. 
Cabinet Edition. 2 vols. Post 8vo., i2j. 

‘ EdinburDf ’ Edition. 2 vols. 8vo., 65, 
each. 

Library Edition. 2 vols. 8vo., 365. 

Marbot. — The Memoirs of the 
Baron de Marbot. Translated from the 
French. 2 vols. Crown 8vo., 75. 

Max Muller. — Auld Lang Syne. 
By the Right Hon. F. Max Muller. 
With Portrait. 8vo, 105. bd. 

Contents.— Musical Recollections— Literary Recol- 
lections— Recollections of Royalties— Beggars. 
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Meade. — General Sir Richard i 
Meade and the Feudatory States of 
Central and Souihern India : a Record 
of Forty-three Years’ Service as Soldier, i 
Political Officer and Administrator. By * 
Thomas Henry Thornton, C.S.I., D.C.L., 
sometime Foreign Secretary to the Govern- 
ment of India, Author of ‘The Life and 
Work of Colonel Sir Robert Sandeman’. 
W'ith Portrait, Map and Illustrations. 8vo., 
loi. 6d. net. 

Nansen. — Fridtjof Nansen,, i86i- 
1893. By W. C. Broqger and Nordahl 
Rolfsen. Translated by William Archer. 
With 8 Plates, 48 Illustrations in the Text, 
and 3 Maps. 8vo., 12s, 6d. 


Romanes. — The Life and Letters 
OP George John Romanes, M,A,, LL.D,, 
F.R.S, Written and Edited by his Wife. 
With Portrait and 2 Illustrati^. Crown 
8vo., 6s. 

Seebohm. — TheOxford Reformers 
^J oHN CoLET, Erasmus and Thomas 
More : a History of their Fellow-Work. 

I By Frederic Seebohm. 8vo., 14s. 

I Shakespeare. — Outlines of the 
Life OF Shakespeare. By J. O. Halli- 
well-Phillipps. With Illustrations and 
i Fac-similcs. 2 vols. Royal 8vo., £i is. 

Shakespeare’s True Life, By 

James Walter. With 500 Illustrations by 
Gerald E. Moira. Imp. 8vo., 2it. 


By Lady A'l E.>lf LfAU/% 1 

Newdegate, Author of ‘ Gossip from a 
Muniment Room With 6 Illustrations 
from Family Portraits. 8vo., los. €k/. 

Place. — The Life of Francis Place, 

1771-1854. By Graham Wallas, M.A. 
With 2 Portraits. 8vo., 12s. 

Rawlinson. — A Memoir of Major- 
General Sir Henry Crbswicke Ra wlin- 
SON, Bart., K.C.B., F.R.S., D.C.l.., 
F.R.G.S., ETC. By George Rawlinson, 
Id. A., F.R.G.S., Canon of Canterbury. 
With 3 Portraits and a Map, and a Preface 
by Field- Marshal Lord Roberts of Kan- 
dahar, V.C. 8vo., i6s. 

Reeve. — The Life and Letters of 
Henry Reeye, C.B., late Editor of the 
‘ Edinburgh Review,’ and Registrar of the 
Pri\y Council. By J. K. Laughton, M.A. 


Family. 

Vols. 1. & II.. During the Civil War. 
By Frances Parthenope Verney. With 
38 Portraits, Woodcuts and Fac-similc. 
Royal 8vo., 42s. 

Vol. III., During the Commonwealth. 
1650-1660. By Margaret M. Verney. 

, With 10 Portraits, etc. Royal 8vo., 21s. 
i Wakley. — The Life and Times of 
' Diomas Wakley, Founder and First Editor 
of the ‘ Lancet,’ Member of Parliament for 
Finsbury, and Coroner for West Middlesex. 
By S. Squire Sprigge, M.B. Cantab. 
With 2 Portraits. 8vo., 185. 
Wellington. — Life of the Duke 
OF Wellington. By the Rev. G. R. 
Gleio, M.A. Crown 8vo., 35. 6d. 

Wills. — Jr. G. I J 'ILLS, Dr AMA TIST 
AND Painter. By Freeman Wills. With 
Photogravure Portrait. 8vo., lor. 6ti. 


Travel and Adventure, the Colonies. &e. 


Arnold. — Seas and Lands. By Sir 
Edwin Arnold. With 71 Illustrations. 
Crown 8vo., ^s. 6d. I 

Baker (Sir S. W.). 

£/g//t Veahs in Ceylon. With 6 

Illustrations. Crown 8vo., 35. 6d. 

The Rifle and the Hound in 
Ceylon. With 6 Illustrations. Crown 
8vo., 35. 6/f- 

Ball. — The Alpine Guide. By the 
late John Ball, F.R.S., etc. A New Edi- 
tion, Reconstructed and Revised on behalf 
of the Alpine Club, by W. A. B. Coolidge. 
Vol. I., The Western Alps : the Alpine 
Region, South of the Rhone Valley, from 
the Col de Tenda to the Simplon Pass. 
W'ith 9 New and Revised Maps. Crown 
8vo., 12s. net. 

Vol. II., Tim Central Alps, North of 
THE Rhone Valley, from the Simplon 
Pass to the Adige Valley, ff" prep. 


Bent. — The Ruined Cities of Ma- 

s HON aland : being a Record of Excavation 
and Exploration in 1891. By J. Theodore 
Bent. With 117 Illustrations. Crown 
8vo., 3s. 6d. 

Bicknell. — Travel and Adventure 
IN Northern Queensland. By Arthur 
C. Bicknell. With 24 Plates and 22 Illus- 
trations in the Text. 8vo., 155. 

Brassey. — Voyages and Travels 
OP Lord Brassey, K.C.B., D.C.L., 1862- 
1894. Arranged and Edited by Captain S. 
Eardley-Wilmot. 2 vols. Cr. 8vo., ioj. 
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Brassey (the late Lady), 

A Voyage IN THE^ Sunbeam' ; Our 
Homb^ on the Ocean for Eleven 
Mobths. 

Cabinet Edition. With Map and 66 
Illustrations. Crown 8vo., 75. 6d. 

‘ Silver Library ’ Edition, With 66 Illus- 
trations. Crown 8vo., 3s. 6d. 

Popular Edition. With 60 Illustrations. 

4to., 6d. sewed, 15. cloth. 

School Edition. With 37 Illustrations. 
Fcp., 2s. cloth, or 35. white parchment. 
Sunshine and Storm in the East. 
Cabinet Edition. With 2 Maps and 114 
Illustrations. Crown 8vo., 7s. 6d. 
Popular Edition. With 103 Illustrations. 
4to., 6d. sewed, li. cloth. 

In the Trades., the Tropics j and 
THE ‘ Soaring Forties \ 

Cabinet Edition. With Map and 220 
Illustrations. Crown 8vo., 75. 6d. 
Popular Edition. With 183 Illustrations. 
4to., 6d. sewed, is. cloth. 

Three Voyages in the ‘ Sunbeam'. 
Popular Ed. With 346 Illust, 410., 2s. 6d. 

Browning. — A Girl's Wanderings 

liUNGARV. r>y H. Ellen Bkowning. i 
With Map and 20 Illustrations. Crown 8vo., I 
35. td. 

Churchill. — The Story of the 
Mmakand Field Force. 1897. By 
Wi.NSToN Spencer Churchill, Lieut., 4th 
Queen’s Own Hussars. With 6 Maps and 
Plans. Crown 8vo., 75. 6rf. 

Froude (James A.). 

Oceana ; or England and her Col- 
onies. With g Illustrations. Crown 8vo., ! 
2s. boards, 2s. 6d. cloth. 

'Silver Library' Edition. Crown 8vo., 
3s. 6d. 

The English in the West Indies : 
or, the Bow of Ulysses. With 9 Illustra- 
tions. Crown 8vo., 2$. boards, 2s. 6d. cloth. 

Howitt.— Visits to Rem a r ka bl k 
Places. Old Halls, Battje-Ficlds, Scenes, 
ig Passages in English 
By William Howitt. 
With 80 Illustrations. Crown 8vo., 3s. 6d. 

Knight (E. F.). 

The Cruise of the ‘ Alerte ' : the 
Narrative of a Search for Treasure on the 
Desert Island of Trinidad. With 2 Maps 
and 23 Illustrations. Crown 8vo., 3s. 6d. 

Where Three Empires meet: a 
Narrative of Recent Travel in Kashmir, 
Western Tibet, Baltistan, Ladak, Gilgit, 
and the adjoining Countries. With a 
Map and 54 Illustrations. Cr. 8vo., 3s. 6d. 


Knight (E. F.) — continued. 

The ' Falcon' on the Baltic: a 
Voyage from London to Copenhagen in 
a Three-Tonner. With 10 Full-page 
Illustrations. Crown 8vo., 35. 6d. 

Lees and Clutterbuck.— B.C. 1887 : 

A Ramble IN British Columbia. By J. A. 
Lees and W. J. Clutterbuck. With Map 
and 75 Illustrations. Crown 8vo., 35. 6d. 

Macdonald. — TheGoldCoastiPast 
AND Present. By George Macdonald, 
Director of Education and H.M. Inspector 
of Schools for the Gold Coast Colony and 
the Protectorate. With Illustrations. 

Max Muller. — Letters from Con- 
stantinople. By Mrs. Max Mullbr. 
With 12 Views of Constantinople and the 
neighbourhood. Crown 8vo., 65. 

Nansen (Fridtjof). 

The First Crossing of Green- 
land. With 143 Illustrations and a Map, 
Crown 8 VO., 31. 6d. 

Eskimo Life. With 31 Illustrations. 

8 VO., 1 6s. 

Oliver. — Crags and Craters: 

Rambles in the Island of Reunion. By 
William Dudley Oliver, M.A. With 
27 Illustrations and a Map. Cr. 8vo., 6s. 

Smith, — Climbing in the British 
Isles. By VV. P. Haskett Smith. With 
Illustrations by Ellis Carr, and Numerous 
Plans. 

Part I. England. i6mo., 3s. 6d. 

Part II. (Vales and Ireland. i6ma., 
35. bd. 

Part III. Scotland. [In preparation. 

Stephen. — Play^Ground of 
Europe (The Alps). By Leslie Ste- 
phen. With 4 Illustrations. Crowm 8vo., 
65. net. 

THREE IN NOR WA V By Two 

of Them. With a Map and 59 Illustrations. 
Crown 8vo., 2S. board.*?, 2s. bd. cloth. 


1 and Ascents An Account ol 

and Phenomena of Glaciers, and an Ex- 
position of the Physical Principles to which 
they are related. By John Tyndall, 
F.R.S. With 6 Illustrations. Crown 8vo., 
6s. bd. net. 

VWidJl.—SERYiA : the Poor Man’s 
Paradise. By Herbert Vivian, M.A., 
Officer of the Royal Order of Takovo. 
With Map and Portrait ot King Alex- 
ander. 8vo., 15s. 
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Veterinary Medioine, &e. 


Steel (John Henry, F.R.C.V.S., 

F.Z.S., A.V.D.), late Professor of Veterin- 
ary Science and Principal of Bombay 
Veterinary College. 

A Treatise on the Diseases of 

THE Dog : being a Manual of Canine 
Patholog}'. Especially adapted for the use 
of Veterinary Practitioners and Students. 
W'lth 88 Illustrations. 8vo., los. (hi. 

A Treatise on the Diseases of 
THE Ox ; being a Manual of Bovine 
Pathology. Especially adapted for the 
use of Veterinary Practitioners and 
Students. With 2 Plates and 117 
W'oodcuts. 8vo., 155. 

A Treatise on the Diseases 01 

THE Sheet: being a Manual of Ovine 
Patholog)’ for the use of Veterinary Prac- 
titioners and Students. With Coloured 
Plate and 99 Woodcuts. 8vo., i2s. 
OrriJNES OF Eqeine Asa tomv : a 
Manual for the use of Veterinary Students 
in the Dissecting Room. Cr. 8vo., 7s. (hi. 


; Fitzwygram. — Horses and 

’ Stables. By Major-General Sir F. Fitz- 
wvGRAM, Bart. With 56 pages of Illustra- 
tions. 8vo., 25 . 6(i. net. 

> Schreiner. — The An<;ora Goat 

! (published under the auspices of the South 
African Angora Goat Breeders’ Association), 
and a Paper on the Ostrich (reprinted from 
the Zoologist for March, 1897). With 26 
Illustrations. By S. C. Cronwright 
' ScHRLINER. 8V0., lO.?. (id. 

! ‘ Stonehenge.’ ~~ Th e Doc / a 

Health axp Disease. By ‘ Stone- 
HE.NGE '. With 78 Wood Engravings. 
8vo., 75. 6</. 

Youatt (William). 

77/a H(^Rsh. Revised and Enlarged 
by W. WAT.SON, M.K.C.V.S. With 52 
Wood Engravings. 8vo., 7s. 6d. 

The Do(;. Revised and Enlarged. 

With 33 Wood Engravings. Svo., 65. 


Sport and Pastime. 

THE BADMINTON LIBRARY. 

Edited by HIS GRACE THE DCKE OF BEAUFORT, K.G., and A E. T. WA'I'SON. 

Complete in 28 Volumes, Crown Svo.. Price los. (hi. each Volume, Cloth. 

*,* The Volumes are also isiued half -hound in Leather, with gilt tup. The pnci can be had 

from all Booksellers. 


ARCHER Y. By C. J. Longman and 

Col. H.W.alrond, W'ith Contributions by 
Miss Legh, Viscount Dillon, etc. With 
2 Maps. 23 Plates and 172 Illustrations in 
the Text. Crown 8vo., 105, bd. 

A THL E TICS. By Montaguk 

Shearman. W’ith Plates and Illus- 
trations in the Text. Crown 8vo,, los. 6</. 

BIG GAME SHOOTING. By 

Clive Phillipps-Wolley. 

Vol. I. AFRICA AND AMERICA. 
W'ith Contributions by Sir Samuel W. 
Baker, W'. C. Oswell, F, C. Selous, 
etc. With 20 Plates and 57 Illu.strations 
in the Text. Crown 8vo., 105. bd. 

Vol. II. EUROPE, ASIA, AND THE 
ARCTIC REGIONS. With Contribu- 
tions by Lieut. -Colonel R. Heber | 
Percy, Major Algernon C. Heber > 
Percy, etc. WTth 17 Plates and 56 Ulus- ; 
trations in the Text. Cr. 8vo., io5. fid. j 

BILLIARDS. By Major W. Broad- 

POOT, R.E. With Contributions by A, H. 
Boyd, Sydenham Dixon, W. J. Ford, etc. 
With II Plates, 19 Illustrations in the 'Text, 
and numerous Diagrams. Cr. 8 vo., 105. bd. 


CO DR. SING AND EALCONRV. 

By Harding Cox and the Hon. Gerald 
Lascellls. W'ith 20 Plates and 56 Illus- 
tration.s in the Text. Crown Svo., 105. bd. 

CRICKET. By A. G. Stli.l and' 

the Hon. R. H. Lyttelton. W'ith Con- 
tributions by Andrew Lang, W’. G. Grace, 
h'. Gale, etc. W^ith 13 Plates and 52 Illus- 
trations in the Text. Crown 8vo., 105. bd. 

CYCLING. By the Earl of Albe- 
marle and G. Lacy Hili.ier. With 19 
Plates and 44 Illustrations in the Text. 
Crown 8vo,, 105. bd. 

DANCING. By Mrs. Lilly Grove, 

F.R.G.S. W^ith Contributions by Miss 
Middleton, The Hon. Mrs. Armytage, 
etc. With Musical Examples, and 38 Full- 
page Plates and 93 Illustrations in the Text. 
Crown 8vo., 105. bd. 

DRIVING. By His Grace the Duke 
of Beaufort, K.G. With Contributions by 
A. E. T. W atson the Earl of Onslow, 
etc. With 12 Plates and 54 Illustrations 
in the Text. Crown 8vo., los. bd. 
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Sport and Pastime — continued. 
THE BADMINTON U.BRKRY— continued. 


BOXING, AND ROWING. By R. P. P. Rowk and 


FENCING, 

WREST LING. By Walter H. Pollock, 

F. C. Grove, C. Prevost, E. B. Mitchell, 
and Walter Armstrong. With i8 Plates 
and 24 Illust, in the Text. Cr. 8vo., los. 6d. 

F/S///JVG. By H, Cholmondeley- 

Pennell. 

Vol. I. SALMON AND TROUT. With 
Contributions by H. R. Francis, Major 
John P. Traherne, etc. With 9 Plates , 
and numerous Illustrations of Tackle, ! 
etc. Crown 8vo., los. 6(i. I 

Vol. II. PIKE AND OTHER COARSE | 
FISH. With Contributions by the j 
Mar()uis or I'^xeter, William Senior, ; 
G. Christopher Davis, etc. With ; 

7 Plates and numerous Illustrations of ' 
Tackle, etc. Crown Svo., 10s. ()d. 

FOG THA LI.. By M on 1 agi: e Sheak- 

M \N. [hi prt paration . 

GOLF. By Horacf G. Hutchinson. 

With Contributions by the Rl. Hon. A. J. 
Bali our, M.P., Sir Walter Simpson, Bart., 
.Andrew Lang, etc. With 32 Plates and 57 
Illustrations in the Text. Cr. 8vo., 105. 6</. 

HUNT1NG> By His Grace the Duke 

OF Beaufort . K.G., and Mowbray Morris. 
With Contributions by the Earl ok Suffolk 
and Berkshire, Rev. E. W. L. Davies, 
G. H. LoniiMan, etc. With 5 Plates and 54 
Illu.strations in tlie Text. Cr. 8vo., los. iod. 

MOUNTAINEERING. By C. T. 

Dent. With Contributions by Sir W. M 
Conway, D. W. Freshfikld, C. E. 
Matthews, etc. With 13 Plates and 95 
Illustrations in the Text. Cr. 8vo., 105. bd. 

POETRY OF SPORT {THE).— 

Selected by Hedley Peek. With a 
Chapter on Classical Allusions to Sport by 
Andrew I *kNCi, and a Special Preface to 
the BADMINTON LIBRARY by A. E. T. 
Watson. With 32 Plates and 74 Illustra- 
tions in the Text. Crown 8vo., 10s. bd. 

RACING AND STEEPLE-CHAS- 
ING. By the Earl of Suffolk and 
Berkshire, W. G. Craven, the Hon. F. 
Law'ley, Arthur Coventry, and A. E. T. 
Watson. With Frontispiece and 56 Illus- 
trations in the Text. Crown 8vo., 105. bd. | 

RIDING AND POLO. By Captain 

Robert Weir, The Duke of Beaufort, 
The Earl of Suffolk and Berkshire, 
The Earl of Onslow, etc. With 18 
Plates and 41 Illustrations in the Text. 
Crown 8vo., 105. 6d. 


C. M. Pitman, With Chapters on Steering 
by C. P. Serocold and F. C. Begg ; Met- 
ropolitan Rowing by S. Le Blanc Smith : 
and on PUNTING by P. W. Squire. With 
75 Illustrations. Crown 8vo., los. 6d. 

SEA FISHING. By John Bicker- 

DYKE, Sir H. W. Gore-Booth, Alfref. 

C. Harmsworth, and W. Senior. With 
22 Full-page Plates and 175 Illustrations in 
the Text. Crown 8vo., los. bd. 

SHOOTING. 

Vol. 1. FIELD AND COVERT. By Lord 
Walsingham and Sir Ralph Payne- 
Gallwev, Bart. With Contributions by 
the Hon. Gerald Lascllles and A. J. 
Stuart-Wortley. With ii Plates and 
94 lllusts. in the Text. Cr. 8vo., los. bd. 
Vol. II. MOOR AND MARSH. By 
Lord Walsingham and Sir Ralph Pavne- 
Gallwey, Bart. With Contributions by 
Lord Loyat and Lord Charles Lennox 
Kerr. With 8 Plates and 57 Illustrations 
in the Text. Crown 8vo., 105. bd. 

SKATING, CURLING, TOBOG- 
GANING. By J. M. Heathcote, C. G. 
Trbbu'it, T. Maxwell Witham, Rev. 
John Kerr, Ormond Hake, Henry A. 
Buck, etc. With 12 Plates and 272 Illus- 
, trations in the Text. Crown 8vo., los. bd. 

SWIMMING. By Archib.ald Sin- 
clair and William Henry, Hon. Secs.ofthe 
Life-Saving Society. With 13 Plates and 106 
Illustrations in the Text. Cr. 8vo., los. bd. 

TENNIS, LA WN TENNIS, 

RACKETS AND FIVES. By J. M. and 
C. G. Heathcote, E. 0. Pleydell-Bou- 
verie. and A. C. Ainger. With Contributions 
by the Hon. A. Lyttelton, W. C. Mar 
SHALL, Miss L. Dod, etc. With 12 Plates and 
67 Illustrations in the Text. Cr. 8vo., los. bd. 

YACHTING. 

Vol. I. CRUISING, CONSTRUCTION 
OF YACHTS, YACHT RACING 
RULES, FITTING-OUT, etc. By Sir 
Edward Sullivan, Bart., The Earl of 
Pembroke, Lord Brassev, K.C.B., C. 
E. Seth-Smith, C.B., G. L. Watson, R. 
T, Pritchett, E. F. Knight, etc. With 
21 Plates and 93 Illustrations in the Text. 
Crown 8vo., los. bd. 

Vol. II. YACHT CLUBS, YACHT- 
ING IN AMERICA AND THE 
COLONIES, YACHT RACING, etc. 
By R. T. Pritchett, The Marquis of 
Dufferin and Ava, K.P., The Earl of 
Onslow, James McFerran, etc. With 
35 Plates and 160 Illustrations in the 
Text. Crown 8vo., 10s. bd. 
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Sport and Psatime—conimuecL 
FUR, FEATHER, AND FIN SERIES. 

Edited by A. E. T. Watson. 

Crown 8vo., price 51. each Volume, cloth. 

The Volumes are also issued half -bound in Leather, with gilt top. The price can be had 
from all Booksellers. 


THE PARTRIDGE. Natural His- 
tory, by the Rev. H. A. Macpherson; 
Shooting, by A. J. Stuart-Wortlev ; 
Cookcr>', by George Saintsbury. With 
II Illustrations and various Diagrams in 
the Text. Crown 8vo., 5s. 

THE GROUSE. Natural History, by 
the Rev. H. A. Macpherson; Shooting, 
by A. J. Stuart-Wortley ; Cookerj', by 
George Saintsbury. With 13 Illustrations 
and various Diagrams in the Text. Crown | 
Nvo., 5i. 

THE PHEASANT Natural History, 

by the Rev. H. A. Macpherson ; Shooting, 
by A. J. Stuart-Wortlev ; Cookery, by 
.\lexander Innes Shand. With 10 Illus- 
1 rations and various Diagrams. Crown 
bvo., 5i. 

THE HARE. Natural History, by 
the Rev. H. A. Macpherson ; Shooting, 
by the Hon. Gerald Lascelles ; Coursing, 
by Charles Richardson ; Hunting, by J. 
S. Gibbons and G. H. Longman ; Cookery, ; 
by Col. Kenney Herbert. With 9 ' 
Illustrations. Crown 8vo, 55. 


RED DEER. — Natural History, by 
the Rev. H. A. Macpherson ; Deer Stalk- 
ing, by Cameron of Lochiel ; Stag 
Hunting, by Viscount Ebrington ; 
Cookery, by Alexander Innes Shand. 
W’ith 10 Illustrations. Crown 8vo., 55. 

THE SALMON. By the Hon. A. E. 

Gathorne-Hardy. WMth Chapters on the 
Law of Salmon Fishing by Claud Douglas 
Pennant; Cookery, by Alexander Inne.s 
Shand. With 8 Illustrations. Cr. 8vo., 5J. 

THE TROUT. By the Marquess 

OF Granby. With Chapters on the Breed- 
ing of Trout by Col. H. Custance ; and 
Cookery, by .Alexander Innes Shand. 
With 12 Illustrations. Crown 8vo., 55. 

IHE RABBIT. By j. E. Harting, 

etc. With Illustrations. [/« preparation. 

WILDFOWL By the Hon. John 
Scott Montagu, etc. With Illustrations, 
etc. [In preparation. 


An6r6~ Colonel Bogevs Seetcn- i 
Book. Comprising an Eccentric Collection 
of Scribbles and Scratches found in disused 
Lockers and swept up in the Pavilion, to- 
gether with sundry After-Dinner Sayings 
of the Colonel. By R. Andris, West Herts 
Golf Club. Oblong 4to., 2i. (ui. 

BADMINTON MA GAZINE 
( The\ of Sports and Pastimes. Edited , 
by Alfred E. T. Watson (“ Rapier , 

With numerous Illustrations. Price is. i 

monthly. | 

Vols. I.-VI. 6f. each. ' 

t 

DEAD SHOT{The): or, Sportsman’s j 
Complete Guide. Being a Treatise on the Use 
of the Gun, with Rudimentaiy and Finishing 
Lessons in the Art of Shooting Game of all 
kinds. Also Game-driving, Wildiowl and 
Pigeon-shooting, Dog-breaking, etc. By 
Marksman. With numerous Illustrations. 
Crown 8vo., loj. 6d. i 


Ellis.— Sparks ; or, Short and 
Bright Games of Chess. Collected and 
Arranged by J. H. Ellis, M.A. 8 vo., 4i. 6d. 

Folkard. — The Wild-Fowler : A 

Treatise on Fowling, Ancient and Modern, 
descriptive also of Decoys and Flight-ponds, 
Wild-fowl Shooting, Gunning-punts, Shoot- 
ing-yachts, etc. Also Fowling in the Fens 
and in Foreign Countries, Rock-fowling, 
etc., etc., by H. C. Folkard. W^ith 13 En- 
gravings on Steel, and several Woodcuts. 
8vo., 1 25 . bd. 

Ford. — The Theory and Practice 
OF Archery. By Horace Ford. New 
Edition, thoroughly Revised and Re-written 
by W. Butt, M.A. With a Preface by C. 
J. Longman, M.A. 8vo., 145. 

Francis.—^ Book on Angl/ng: or, 
Treatise on the Art ol Fishing in every 
Branch ; including full Illustrated List of Sal- 
mon Flics. By Francis Francis. With Por- 
trait and Coloured Plates. Crown 8vo., 155. 
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Gxhsoti.— T obogganing on Crooked 
K uss. By the Hon. Harry Gibson. With 
Contributions by F. de B. Strickland and 
‘ Lady-Toboganner’. With 40 Illustra- 
tions. Crown 8 VO., 6s. 

Graham. — Country Pastimes for 
Boys. By P. Anderson Graham, With 
252 Illustrations from Drawings and 
Photographs. Crown 8vo., 3s. 6d. 

iMig,— A ngling Sketches. By 
Andrew Lang. With 20 Illustrations. 
Crown 8 VO., 35, 6d. 

Lillie. — Croquet: its History, Rules 
and Secrets. By Arthur Lillie, Champion, 
Grand National Croquet Club, 1872; Winner 
of the ‘All-Comers’ Championship,’ Maid- 
stone, i8g6. With 4 Full-page Illustrations 
by Lucikn Davis, 15 Illustrations in the 
Text, and 27 Diagrams. Crown 8vo., 6s. 

Longman.— C//a:.s.v Openings. By 
Frederick W. Longman. Fcp. 8vo., 25. 6d. 

Madden.— Diary of Masier 
William Silence ; a Study of Shakespeare 
and of Elizabethan Sport. By the Right 
Hon. D. H. Madden, Vice-Chancellor of the 
University of Dublin. 8vo., i6s. 

Maskelytie. — Sharps and Flats : a 

Complete Revelation of the Secrets of 
Cheating at Games of Chance and Skill. By 
John Nevil Maskelvne, of the Egyptian 
Hall. With 62 Illustrations. Crown 8vo., 65. 

Moffat.— C/f/CA'£7rCA/CA'£7'.’ Rhymes 
and Parodies. By Douglas .Moffat, with 
Frontispiece by Sir Frank Lockwood, Q.C., 
M.P., and 53 Illustrations by the Author. 
Crown 8vo, 2s. 6d. 

Park.— Gams os Golf. By 

William Park, Jun., Champion Golfer, 
1887-89. With 17 Plates and 26 Illustra- 
tions in the Text. Crown 8vo., 7s. ' ’ 

Payne-Gallwey (Sir Ralph, Bart.). 

Letters to Young Shooters (First 
Series) . On the Choice and use of a Gun. 
With 41 Illustrations. Crown 8vo., 7s. 6d. 

Letters TO Young SHOoTERs{^^tcov\A 
Series). On the Production, Preservation, 
and Killing of Game. With Directions 
in Shooting Wood-Pigeons and Breaking- 
in Retrievers. With Portrait and 103 
Illustrations. Crown 8 vo., 125. 6d. 


Payne-Gallwey (Sir Ralph, Bart.) 

— continued. 

Letters to Young Shooters. 
{Third Scries.) Comprising a Short 
Natural History of the Wildfowl that 
arc Rare or Common to the British 
Islands, with complete directions in 
Shooting Wildfowl on the Coast and 
Inland. With 200 Illustrations. Crown 
, 8vo., 185. 

Pole (William). 

' The Theor y of the Modern Scien- 
tific Game of Whist. Fcp. 8vo., 2i. 6d. 

TheEvol UTioNOF Whist: a Study of 
the Progressive Changes which the Game 
has undergone. Cr. 8vo., 'is. 6d. 

Proctor. — How to Play Whist: 
WITH THE Laws and Etiquette of 
Whist. By Richard A. Proctor. Crown 
8vo., 3i. 6d. 

Ribblesdale.—.7jy£ Queen^s Hounds 
and Stag^Hunting Recollections. By 
Lord Ribblesdale, Master of the Buck- 
hounds, 1892-95. With Introductory 
Chapter on the Hereditary Mastership by 
E. Burrows. With 24 Plates and 35 illus- 
trations in the Text. 8vo., 255. 

Ronalds. — The Fly-Fisher's Ento- 
mology. By Alfred Ronalds. With 20 
coloured Plates. 8vo., 14s. 

Thompson and Cannan. Hand- 
IN Hand Figure Ska ting. By N orcliffe 
G. Thompson and F. Laura Cannan, 
Members of the Skating Club. With an 
Introduction by Captain J. H. Thomson, 
R.A. With Illustrations and Diagrams. 
i6mo., 6s. 

1 Watson.— and 'Chasing: a 
Collection cf Sporting Stories. By Alfred 
E. T. Watson, Editor of the ‘ Badminton 
Magazine’. With 16 Plates and 36 Illus- 
trations in the Text. Crown 8vo, 7s. 6d, 

Wilcocks.— Sea Fisherman: 

Comprising the Chief Methods of Hook and 
Line Fishing in the British and other Seas, 
and Remarks on Nets, Boats, and Boating. 
By J. C. WiLCOCKS. Illustrated. Cr. 8vo.,6i. 
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Mental, Moral, and Political Philosophy. 


LOGIC, RHETORIC, 

Abbott — Tn£ Elemexts of Logic, 
By T. K. Abbott, B.D. i2mo., 35 

Aristotle. 

The Ethics: Greek Text, Illustrated 
witli Essay and Notes. By Sir Alexan- 
der Grant, Bart. 2 vols. 8vo., 325. 

Ax IXTRODUCTIOX TO ArISTOTLE's 
Ethics. Books I. -IV. (Book X. c. vi.-ix. 
in an Appendix). With a continuous 

Bacon (Francis). 

Complete IVorrs. Edited by R. L. 
Ellis, James Spedding and D. D. 
Heath. 7 vols. Sxo., 6J. 

Letters axd Life, inciudinj^^allhis 
occasional Works. Edited by James 
Spedding. 7 vols. 8vo., /,‘4 4i. 

The Ess a };v ; with Annotations. By 
Richard Whately, D.D. Kvo., 105. 6 </. 
The Essays: with Notes. By 
Storr and C. H. Gibson, Cr. 8vo, 35. 6(/. 
The Essays: with Introduction, 
Notes, and Index. By E. A. ABin)TT, D.D. 

2 Vols. Fcp.8vo.,65. The Text and Index 
only, without Introduction and Notes, in 
One Volume. Fcp. 8vo., 25. bd. 
(Alexander). 

Mextal SciEXCE. Cr. 8vo., 65. 6^/. . 
Moral Sc/exce. Cr. 8vo., 4A. 6 ci. 

r. 8 vO.,I5 S. 

S A. VD THE IV/l.L. 8 VO., 15S. , 

A. 4.3. r«Ul 11. \Ji. W. j 

Practical Essays. Cr. 8vo., 2s. | 

Baldwin. — The Elemexts of Ex- 
pository CoxsTRUCTios. By Dr. Charles 
Sears Baldwin, Instructor in Rhetoric in 
Yale University. 

Bray. — The Philosophy of Neces- 
sity: or, Law in Mind as in Matter. By : 
Charles Bkav. Crown 8vo., 54 . I 

Crozier (John Beattie). 

Civ I LIS A Tiox axd Progress : being 
the Outlines of a New System of Political, 
Religious and Social Philosophy. 8vo.,i44. 
History of Ixtei.lectual De- 
velopment : on the Lines of Modern 
Evolution. 

Vol. I. Greek and Hindoo Thought ; Gra;co- 
Roman Paganism ; Judaism ; and Christi- 
anity down to the Closing of the Schools 
of Athens by Justinian, 529 a. D. 8vo., 14J. 


PSYCHOLOGY, &C. 

Davidson. — The Logic of Defini- 
tiox. Explained and Applied. By William 
j L. Davidson, M.A. Crown 8vo., 6s. 

I Green (Thomas Hill).— -The Works 

I OF. Edited by R. L. Nettleship. 

Vols. I. and II. Philosophical Works. 8vo., 
i6s. each. 

Vol. III. Miscellanies. With Index to the 
three Volumes, and Memoir. 8vo., 21s. 


by bEKNAKD KoSAN(,)l’El . 8V0.. SS. 

Hodgson (Shadworth H.}. 

Tim I AXD Space : A Metaphysical 

Rvisay. 8 VO., 16s. 

The Theory of Pkacijce: an 
Ethical Inquiry. 2 vols. hvo.. 24s. 

The Philosophy ol Ri ei eotiox. 

2 vols. 8vO.. 215 . 

The ^fETAn!Ys: ' oe Eweriexoe. 
Book I. Gencr.il .-\nal> sis of Experience ; 
Hook II. Positive Science; Hook III. 
.Analysis of Conscious .Atiion : Book IV. 
The Real Universe. 4 vols. 8vo. 

Hume. — The Phu osopuioal Works 

OF /). t f ID Hi ME. E d i ted by 'r . H . G R E E .n 
and T. H Gkose. 4 vols. hvo., 565. Or 
separately, Essays. 2 vols. 285. Treatise 
of Human Nature. 2 vols. 285. 


corner 

WlLLi.v... J 

Kvo., 75 . bd. 

Justinian : Latin Text, chiefly that of 
Huschke, with English Introduction, Trans- 
lation, Notes, and Summary. By Thomas 
C. Sandars, M.A. 8vo., 181. 

Kant (Immanuel). 

Critique of Practical Reason, 
AND Other Works on the ’/'heory of 
Ethics. Translated by T. K. Abbott, 
B.D. With Memoir. 8vo., 125, bd. 
Fundamental Principles of the 
Mbtaphysic of E Tines. T ranslatcd by 
T. K. Abbott, B.D. Crown bvo, 35. 
Introduction to Jjhhc, and his 
Essay on the Mistaken Subt/lty of 
the Four Figures.. Translated by T. 
K. Abbott. Kvo., 65. 

K i 1 1 i C Handbook to 
System of Logic. By Rev. A. H. 
Killick, M.A. Crown 8vo., 35. bd, 
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LOGIC, RHETORIC, 
Ladd (George Trumbull). 
Philosophy of Knowledge: an 
Inquiry into the Nature, Limits and 
Validity of Human Cognitive Faculty. 
8vo., tuj. I 

Philosophy OF Mind : An Essay on 

the Metaphysics of Psychology. 8vo., 165. 1 
Elements of Physiological Psy- | 

CHOLOGY. 8vo., 21S. ! 

01 TUNES OF DESCEfPTirK PSYCHO- j 
lAX'.Y : a Text-Hook of Mental Science for 1 
Colleges and Normal Schools. 8vo., 12s. 1 

Outunes of Physiological Psy~ ; 

CHOLOGY. 8vO., 125. i 

Psychology, Descriptive and Ex- ' 

PlAXATORY. 8 VO., 2 IS. 

Primer ol Psychology. Cr. 8vo., 

5s. 6f/. 

Lewes. - History of Philoso- 
phy, from Thales to Comte. By George 
Henry Lewes. 2 vols. 8vo., 32s. 

Lutoslawski. — The Origin and 
Grow I H or Plaio's Iakhc. With an 
Account of Plato's Style and of the Chrono- 
logy of his Writings. By Wincenty 

LUTOSl-AWSKt. KVO.. 215. 

: Muller (F.). 

E Si 7EN( 'E OF Tlli ) I \:H T. 8 VO. ,215. 
Three Introdvctory Llctvres on 
THE Sc'iEN(,E OF Thoi’ght. Hvo., 2S. 6d. 
net. 

Mill. - J N.iU’S/S OF THE PhENO.HENA 
OF THE Human Mind, By James Mill. 

2 vols. Svo., 285. 

Mill (John Stuart). 

A System of Logic. Cr. 8 vo., 35. 6i/. 
On Liberty. Crown 8 vo., 15. 4^/. 

Co NS I DERATIONS ON PEPR ESENIA - 
77YE GoYEhWWfLXT. Crown 8vo,, 25. ' 

Utilitar/an/sm. 8 vo., 25. 6 ^/. 
Examination of Sir William 
Hamilton's Philosophy. 8 vo., 16s. 

Ha pure, the Utility of Pel igion, 
AND Theis.v. Three Essays. 8vo., 55. 
Mo nek. — An Introduction to 
Logic. I’y William Henry S. Monck, 
M.A. Crown 8vo., 5s. 

Romanes. — Mind and Motion and 
Monism. By George John Romanes, 
LL.D., F.R.S. Cr. 8vo., 45. bd. 

Stock (St. George). 

Deductive Logic. Fcp. 8vo., 35. 6(/. 
Lectures in the I..ycevm ; or, 
Aristotle's lithics for English Readers. 
Edited by St. George Stock. Crown 
8vo., 7.5. bd. 


PSYCHOLOGY, &C. 

Sully (James). 

The Human Mind ; a Text-book ol 

Psychology. 2 vols. 8vo., 215. 

OuTLiNEis OF Psychology. Crown 

8vo., 95. 

The Teacher's Handbook Of Psy- 
chology. Crown 8vo., 65. bd. 
Studies of Childhood. 8vo., 

los. bd. 

Children's Ways: being Selections 
from the Author’s ‘ Studies of Childhood ’. 
With 25 Illustrations. Crown 8vo., 4s. bd. 

Sutherland. — The Origin and 
Growth of ihe Moral Instinct. By 
Alexander Sutherland, M.A. 2 vols. 
8vo, 2tS5. 

Swinburne. — Picture Logic : an 

Attempt to Popularise the Science ol 
Reasoning. By Alfred James Swinburne, 
M.A. With 23 Woodcuts. Crown 8vo., 55. 

Webb. - The Veil of Isis : a Series 

of Essays on Idealism. By Thomas E, 
Webb, LL.D., Q.C. 8vo., los. bd. 

Weber . — History of Philosophy. 
By Alfred Weber, Professor in the Uni- 
versity of Strasburg. Translated by Frank 
Thilly, Ph.l). 8vo., 165. 

Whately (Archbishop). 

Bacon's Essays. With Annotations. 

8vo., IDS. bd. 

Elf.ments of Logic. Cr. 8vo., 4s. 6 d. 
E I EM en ts o f Rhe toric. C r . Svo . , 

45. bd. 

Lessons on Reasoning. Fcp. 8vo., 

IS. bd. 

Zeller (Dr. Edward). 

The Stoics, Epicureans, and 
Sceptics. Translated by the Rev. 0 . J. 
Reichel, M.A. Crown 8vo., 155. 

Outlines of the History of 
Greek Philosophy. Translated by 
Sarah F. Alleyne and Evelyn Abbott, 
M.A., LL.D. Crown 8vo., los. bd. 

Plato and the Older Academy 
Translated by Sarah F. Alleyne and 
Alfred Goodwin, B.A. Crown 8vo., 
185. 

Socrates and the Socratic 
Schools. Translated by the Rev. O. 
J. Reichel, M.A. Crown 8vo., los. bd. 

Aristotle and the Earlier Peri- 
patetics. Translated by B. F. C. Cos- 
telloe, M.A., and J. H. Muirhead, 
M.A. 2 vols. Crown 8vo., 245, 
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Mental, Moral, and Politioal Philosophy— 

MANL ALS OF CATHOLIC PHILOSOPHY. 

(Sionykurst Serus.) 


A Manual ot Political Economy.^ 
By C. S. Devas, M.A. Crown 8vo., 6r. td. 

First Principles of Knoh'ledge, 
By John Rickaby, S.J. Crown 8vo., 5s. 

General Metaphysics. By John 
Rickaby, S.J. Crown 8vo., 

Logic. By Richard F. Clarke, S.J. 

Crown 8vo., 55. 


Mof. 4 L Philosophy (Ethics and 
,\ atural Uw). By Joseph Rickabv.S.J. 
Crown Svo., 5s. 

[Natural Th£olog^\ By Bernard 
I Boedder, S.J. Crown 8vo., 6s. 6d. 

Psychology. By Michael Maher, 
S.J. Crown 8vo., 6 j. 6d. 


History and Soienoe of Language, &a 


Davidson* — Leading and Import- 
ant English fVoRDS: Explained and Ex- 
emplified. By William L. Davidson, 
M.A. Fcp. 8vo., 3i. -J. 

Farrar. — Language and Languages: 
By F. W. Farrar, D.D., Dean of Canter- 
bury. Crov^m Svo., 6r, 

Graham. — English Synoavyms, 

Classified and Explained : with Practical 
Exercises. By G. F. Graham. Fcp. 8vo., 65. 

Max MuUer (F.). 

The Science of La nguage. — Found - 
ed on Lectures delivered at the Royal In- 
stitution in 1861 and 1863. 2 vols. CrowTi 
8vo., 2ii. 


Max Miiller (F.)--<ontinued. 
Biographies of IVords, and the 
Home of the Crown Svo., 75. 6d. 

‘ Three Lectures on the Science 
OF Language, and its Place in 
General Educat/o.v, delivered at Ox- 
ford, 1889. Crown 8vo., 35. net 

Roget. — Thesaurus of English 
Words and Phrases. Classified and 
Arranged so as to Facilitate the Expression 
of Ideas and assist in Literary' Composition. 
By Peter Mark Roget, M.D., F.R.S. 
W'ith full Index. Crown 8vo. , loi. 6d. 

Whaitly,— E nglish Synonyms. By 
E. Jane Whately, Fcp. 8vo., 31. 


Politioal Economy and Economics. 


Ashley. — English Economic His- 
TORY and Theory. By W. J. Ashley, ‘ 
M.A. Crown 8vo., Part I., 51. Part II., j 
los. 6d. I 

Bagchot.— Studies. By | 
Walter Bagehot. Crown 8vo., 31. 6d. i 


Dowell. — A History of Taxation 

A.\D /A.TES IN England, from the Earliest 
Times to the Year 1885. By Stephen 
Dowell, (4 vols. 8vo). Vols. I. and II. 
The History' of Taxation, 2ir. Vols. III. 
and IV. The History of Taxes, 2ir. 

Jordan. — The Standard of Value. 


Barnett — Practicable Socialism. 
Essays on Social Reform. By the Rev. S. | 
A. Barnett, M.A,, Canon of Bristol, and j 
Mrs. Barnett, Crown 8vo,, 6s. j 

Brassey.— and Addresses] 
ON Wore and Wages. By Lord Brassey. 
Edited by J. Potter, and with Introduction 
by George Howell, M.P. Crown 8vo., 51. 

Channing.— The Truth about 
Agricultural Depression: an Econo- 
mic Study of the Evidence of the Royal 
Commission. By Francis Allston Chan- 
MiNO, M.P., one of the Commission. Crown 
8vo., 6s. 

Dens.— A Manual of Political 
Economy. By C. S. Devas, M.A. Cr. 8vo., 
6 j. fx/. {.Manuals of Cathf'lic Philosophy.) 


By William Leighton Jordan. Cr.8vo.,65, 
Leslie. — E.^says on Political Ecch 
.\0My. By T. E. Cliffe Leslie. Hon. 
LL.D., Dubl. 8vo, lor. 6d. 

Macleod (Henry Dunning). 
Bimetalism. 8vo., 55. net. 

The Elements of Banking. Cr. 
8vo. , 3J. 6d. 

The Theory and Practice of 
Banking. Vol. I. 8vo., 121. Vol. II. 141. 
The Theory of Credit. Svo. 
In I Vol., 30s. net; or separately, Vol. 
L, 101. net. Vol. II., Part I., joj. net. 
Vol. II., Part II., lor. net. 

A Digest of the Law of Bills 
or Exchange, Bank-notes, &c. 8vo., 
51. net. 

The Banking System of England. 

[In preparation. 
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Political Economy and Economies — continued. 

Mill. — Political Economy. By (Toynbee. — Lectures on the In- 

]oHN Stuart Mill, i dustrial Revolution of the ISth Cbn- 

Popular Edition, Crown 8vo., 3s. 6d. j TURY IN England: Popular Addresses, 

Lwrary Edition. 2 vols. 8vo., 30J. Notes and other Fragments. By Arnold 

Mulhall. — Industries and Wealth 1 Toynbee. With a Memoir of the Author 
OF Nations. By Michael G. Mulhall, j hy Benjamin Jowett, D.D. 8vo., icw. 6i. 
F.S.S. With 32 full-page Diagrams, j 
Crown 8vo., 8s. td. j 


SopERiNi, By Richard Jenery-Shee. 
With a Preface by Cardinal Vaughan. 
Crown 8vo., 6s. 

SYVatS.— P olitical Economy: a 

Short Text-book of Political Economy. 
With Problems for Solution, and Hints for 
Supplementary Reading ; also a Supple- ' 
mentary Chapter on Socialism. By Pro- 
fessor J. E. Symes, M.A., of University 
College, Nottingham. Crown 8vo., 25. bd. 


, Webb (Sidney and Beatrice). 

The History of Trade Unionism, 
With Map and full Bibliography of the 
Subject. 8vo., i8i. 

Industrial Democracy : a Study 
in Trade Unionism. 2 vols. 8vo., 255. net. 

Problems of Modern Industry : 
Essays. 


STUDIES IN ECONOMICS AND POLITICAL SCIENCE. 

Issued under the auspices of the London School of Economics and Political Science. 


The History of Local Rates in 
England: Five Lectures. By Edwin 
C ANN an, M.A. Crown 8vo., 25. 6d. 

German Social Democracy, By 
Bertrand Russell, B.A. With an Ap- 
pendix on Social Democracy and the 
Woman Question in Germany by Alys 
Russell, B.A. Crown 8vo., 3s. 6<f. 

Select Documents Illustrating 
THE History of Trade Unionism. 

I. The Tailoring Trade. Edited by 
W. F. G ALTON. With a Preface by 
Sidney Webb, LL.B. Crown 8vo., 55. 


DeploigPs Referendum en Suisse, 
Translated, with Introduction and Notes, 
by C. P. Trevely.an, M.A. [In preparation. 

Select Docu.ments Illustrating 
THE State Regulation of Wages. 
Edited, with Introduction and Notes, by 
W. A. S. Hewins, M.A. [In preparation, 

Hungarian Gild Records. Edited 
by Dr. Julius Mandello, of Budapest. 

[7« preparation. 

The Relations between England 
and the Hanseatic League. By Miss 
E. A. MacArthur. [In preparation. 


Evolution, Anthropology, &6. 


Clodd (Edward). 

The Story of Creation: a Plain' 
Account of Evolution. With 77 Illustra- ; 
tions. Crown 8vo., 35. 6 d. 

A Primer of Evolution: being a 
Popular Abridged Edition of ‘ The Story 
of Creation ’. With Illustrations. Fcp. 
8vo., IJ. 6d. 

Custom and Myth : Studies I 
of Early Usage and Belief. By Andrew j 
Lano. With 15 Illustrations. Crown 8vo., : 
3f. 

Lubbock. Origin of CiviljsA’ i 

TION and the Primitive Condition of Man. I 
By Sir j. Lubbock, Bart., M.P. With 5 j 
Plates and 20 Illustrations in the Text. I 
8vo., i8i. ’ 


Romanes (George John). 

Darwin, and after Darwin: an 
Exposition of the Darwinian Theory, and a 
Discussion on Post- Darwinian Questions. 
Part 1. The Darwinian Theory. With 
Portrait ol Darwin and 125 Illustrations. 
Crown 8vo., los. 6d. 

Part II. Post-Darwinian Questions: 
Heredity and Utility. With Portrait of 
the Author and 5 Illustrations. Cr. 8vo., 

105. 6d. 

Part III. Post- Darwinian Questions: 
Isolation and Physiological Selection. 
Crown 8vo., 55. 

.r,.. Examination of Weismann- 
ism. Crown 8vo., 65. 

Essays. Edited by C. Lloyd 
Morgan, Principal of University College, 
Bristol, Crown 8vo., 65. 
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Classic3al Literature, Translations, &o. 


Abbott — Hellenica. a Collection 
of Essays on Greek Poetry, Philosophy, 
History', and Religion. Edited by Evelyn 
Abbott, M.A., LL.D. Crown 8vo., 75. 6^/. 

.£schylus. — Eu MEN IDES of ^Eschv- 
Lus. With Metrical English Translation. 
By J. ¥. Davies, 8vo., 7s. 

Aristophanes. — The Ac//aea7ans 

OF Aristophanes, translated into English 
Verse. By R. Y. Tyrrell. CrouTi 8v'o., 15. 

Aristotle. — YorrH and Old Age, 
Life and Death, and Nrspiration. 
Translated, with Introduction and Notes, 
by W. Ogle, M.A., M.D. 8vo., 7s. 6</. 

), Translated bv the 

B.D. 

Galll's: or, Roman Scenes in the 
Time of .Augustus. With Notes and Ex- 
cursuses. With 26 Illustrations. Post 
Svo., 35. 6</. 

Ci/AKk'LES : or, Illustrations of the 
Private Life of the Ancient Greeks. 
With Notes and Excursuses. With 26 
Illustrations. Post .svo., 35. 6«/. 

Butler.— 7 V//-' Arn/i^KF\s 01 the 

Odyssew w’heke and ;»7//.vS//r meoti-, 
WHO Sub. 'I HE rsh Sill. MADE OF 

'/HE Iliad, and how Vhb. Poim orew 
I'NDER //er ha\d$. By Sam ui: I Bi’Ilek, 
Author of • Erewhon,’ etc. With Illustra- 
tions and 4 Maps. 8vo., 10s. OJ. 

V/. V-- / V r.ivi’ .> V..- • 't\t\ 

By R. V. Tyrrell. Vols. I., IL. HL. 8vo., 
each I2S. Vol. IV., 155, Vo!, 14s. 

L 12: b e r t. — In tau lh\ rit >n i \ > /•/// 

OF i i iv.\S. By 

James C. Egbert, Junr., Ph.D. VN'ith 
numerous Illustrations and Facsimiles, 
Square crown 8vo., i6j. 

Horace . - 7 ///; Hoe ns of Horace, 

RENDERED INTO ESLLISII PROSE. With 
Lile, Introduction and Notes. By William 
CocTTS, M.A. Crown '<vo., 5s. net. 

Poetry and 

Allingham (William). 

Irish Son<;s and Poems. With 

Frontispiece of the W’aterfall of Asaroc. 
Fcp. 8vo., 6 j. 

Laurence Bloomfield. With Por- 
trait of the Author. Fcp. 8vo., 35. f>d. 

Flower Pieces; Day and Night 
SoA'6'5; Ballads. With 2 Designs by 
D. G. Rossetti. Fcp. 8vo., 61. large 
paper edition, 1 2i. 


i hiBiCig,— H omer and the Epic, By 
Andrew Lang. Crown 8vo., 91. net. 

Lucan. — The Pharsalia of Lucan. 
Translated into Blank Verse. By Sir 
Edward Ridley. 8vo., 145. 

Mackail. — Select Epigrams from 
THE Greek Anthology. By j. W. Mac- 
KAIL. Edited with a Revised Text, Intro- 
duction, Translation, and Notes. 8vo., 165. 

Rich. — A Dictiona r I ' OF Roman AND 
Greek Antiquities. By A. Rich, B.A. 
With 2000 Woodcuts. Crown 8vo., 75. bd. 

Sophocles .— Translated into English 
Verse. By Robert Whitelaw, M.A., 
A.ssistant Master in Rugby School. Cr. 8vo., 
85. bd. 

Tacitus. — The History of P. 

CoRNEl./rs Tacitcs. Translated into 
English, with an Introduction and Notes, 
Critical and Explanatorv, by .Albert 
V\illiam Quill, M.A,, t.C.l). 2 vols. 

Vol. 1. Mvo., 7s. 6d. Vol. IL iSvo., 125. bd. 

Tyrrell. • Dr tun Translations 

IN 10 CtEIEK AND I,ATIN VeRSE. Edited 
by R. V. Tvrrei.i.. 8vo., 65. 

Virgil. 

The JiNEiD 01 Virgil. Translated 
into Englisii Verse by John Conington. 
Croun 8 vo., 65. 

into Ivnghsh Prose by John Conington. 
Crown Xvo,, 6j. 

The cEneid of Virgil, freely trans- 
lated into English Blank Verse. By 
W. J. Thornhii-l. Crown Hvo., 7s. Cw. 

The .Eneid 01 Virgil. Translated 
into English Verse by James Rhoades. 
Books I.-VL Crown Hvo., 55. 

Books V'lI.-XII. Crown 8vo., 5s. 

Wilkins — The Growth of the 
Homeric Poems. By G. Wilkins. Svo., 6s. 

the Drama. 

Allingham ( \\^ i l l i a m ) — continued. 

Life and Phantasy : with Frontis- 
piece by Sir J. E. Mii.lais, Bart., and 
Design by Arthur Hughes. Fcp. 8vo., 
6j. ; large paper edition, i2j. 

Thought and Word, and Ashby 
Manor: a Play. Fcp. 8vo., 6j. ; large 
paper edition, i2j. 

Blackberries. Imperial i6mo., 65. 

Sets of the above 6 vols. may be had in uni- 
form Half parchment binding, price joi. 
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Poetry and the Drama — continued. 


Armstrong (G. F. Savage). 

Poems : Lyrical and Dramatic. Fcp. 

8vo., 65. 

JC/NG Sa ul. (The Tragedy of Israel, 

Part I.) Fcp. 8vo., 55. 

King David. (The Tragedy of Israel, 

Part II.) Fcp. 8vo., 65. 

King Solomon. (The Tragedy of 
Israel, Part III.) Fcp. 8vo., 65. 

Ugonk : a Tragedy. Fcp. 8vo., 65. 
A Garland FROM Greele : Poems. 

Fcp. Hvo., 75. 6rf. 

S LOR IKS OF IV/cR’f.oiv : Poems. Fcp. 
8vo.. 7s. 6^/. 

Mlpius Lorn ELKS IN Broadclotii : 
a Satire. Fcp. 8vo., 45. 

One in the Infinite: a Poem. 
Cro\Kn 8vo., 7s. td. 

Armstrong.— 7 // A Poetical ]Vorks\ 

OF hDMUXD J. ARMS'TROXo. F'cp. Svo., 55. j 

I 

Arnold.- The Light of the World: ' 

or, 'Die Great Consummation. By Sir ; 
I'xDNyiN Aknom). W’lth 14 Illustrations 
after Hoi . man Hunt. Crown 8vo., 6 s. 

Beesly (A. H.). 

Ballads and other Perse. 
F'cp. 8vo., 5s. 

Dan'ton, and other Verse. P'cp. 

8 VO., 4s. td. 


Goethe. 

Faust, Part I., the German Text, 
with Introduction and Notes. By Albert 
M. Selss, Ph.D., M.A. Crown 8vo., 5s. 

The First Part of the Tragedy 
OF Faust in English. By Tho.s. E. 
Webb, LL.D., sometime Fellow of Tri- 
nity College ; Professor of Moral Philo- 
sophy in the University of Dublin, etc. 
New and Cheaper Edition, with The 
Dea'i II OF Faust, from the Second Part. 
Crown hvo,, 6 s. 

Gurney (Rev. Alfred, M.A.). 

Day-Dreams: Poems. Crown 8vo., 
3s. 6 d, 

Loi’e s Fruition^ and other Poems. 
F'cp. 8vo., 25 . 6 d. 

Ingelow (Jean). 

Poetical Works. Complete in 
One Volume. Crown 8vo., 75. 6 d. 
Poetical Works. 2 vols. Fcp, 

•SVO., 125. 

Lyrical and other Poems. Selec- 
ted from the Writings of Jfan Ingelow. 
F'cp. 8vo., 25 . 6 d. cloth plain, 35. cloth gilt. 

Lang (Andrew). 

Grass of Parnassus. Fcp. 8vo., 

25 . 6 d. net. 

The Blue Poetry Book. Edited 
by Anoke w Lang. With 100 Illustrations. 
Crown 8vo., 65. 


Bell (Mrs. Hugh). 

Chamber Comedies : a Collection 
of Plays and Monologues for the Drawing 
Room. Crown 8vo., 65. 

Fairy Tale Plays., and How to 
A ci' Them. With gi Diagrams and 52 
Illustrations. Crown 8vo., 65. 

Cochrane (Alfred). 

The KestreTs Nest, and other 
Verses. Fcp. 8vo., 35. td. 

Leviore Plectro : Occasional 
Verses. Fcap. 8vo., 35. 6 d. 

Douglas. — Poems of a Country 

By Sir George Douglas, 

Bart., Author of ‘The Fireside Tragedy’. 

Crown 8vo., 35. 6 d. 


Layard and 

M ANY Moods. By Nina F'. Layard; The 
Wandering Albatross, etc. By Annie 
C oRDER. In One Volume. Crown 8vo., 5s. 

Lecky. — Poe.ms. By the Right Hon. 
W. E. H. Lecky. Fcp. 8vo., 55. 

Lytton (The Earl of), (Owen 
Meredith). 

ALarah, Fcp. 8vo., 65. 6 d. 

King Poppy : a Fantasia. With i 
Plate and Design on Title-Page by Sir 
Edward Burne-Jones, Bart. Crown 
8vo., 105 . 6 d. 

The Wanderer. Cr. 8vo., los. 6rf. 
Lucile. Crown 8vo., 105. 6J. 
Selected Poems. Cr. 8vo., los. ' 
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Macaulay. — La vs of Ancient jRoMEt 
WITH ‘ Ivry' and ‘ The Armada By 
Lord Macaulay. 

Illustrated by G. Scharf. Fcp. 4to., 105. 6d. 

Bijou Edition. 

i8mo., 25. 6d. gilt top. 

Popular Edition. 
Fcp. 4to., 6d. sewed, is. cloth. 

Illustrated by J. R. Weouelin. Crown i 
8vo., 35. 6a. ' 

Annotated Edition. Fcp. 8vo., is. sewed, 
ij. 6d. cloth, 

MacDonald (George, LL.D.). j 

A Book of Stkjfe, in the Form of | 
THE Diary of ax Old Soul .* Poems. ; 

Planted Root : being Translations. New 
and Old (mainly in verse), chiefly from the 
German; along with ‘A Year’s Diar>' of 
an Old Soul ’. Crown 8vo., 6s. 

Moffat. — CricketyCricket: Rhymes 
and Parodies. By Douglas Moffat. 
With Frontispiece by Sir Frank Lockwood, 
Q.C., M.P., and 53 Illustrations by the 
Author. Crown 8vo, 25, td. 

Morris (William). 

Poetical Works-Library Edition. 
Complete in Ten Volumes. Crown 8vo., j 
price 6s. each. 

The Earthly Paradise. 4 vols. 
65. each. 

The Life and Death of Jason. 

6j. 

The Defence of Gceneyere, and 
other Poems, 65, 

The Story OF Sigurd THE Folsung^ 
AND The Pali of the Niblungs. 6 s. 
Love is Enough ; or, the Freeing of ! 
Pharamond ; A Morality ; and PoE.MS 
BY THE Way. 6 s. 

The Odyssey of Homer. Done ! 
into English Verse. 65. i 

The /Eneids of Virgil. Done 
into English Verse. 65. 

Certain of the Poetical Works may also be 
had in the following Editions : — 

The Ea r thl y Pa ra dise. 

Popular Edition, 5 vols. i2mo., 255.; i 
or 5s. each, sold separately. | 

The same in Ten Parts, 255.; or 2J. 6d. | 
each, sold separately. • 

Cheap Edition, in i vol. Crown 8vo., | 
75. 6d. i 


Morris (William) — continued. 

Poems by the IVay. Square crown 
8vo., 65. 

For Mr. William Morris’s Prose 
Works, see pp. 22 and 31. 

N esbit. — La ys and Legends. By E . 
Nesbit (Mrs. Hubert Bland). First 
Series. Crown 8vo., 35. 6d. Second Series. 
With Portrait. Crown 8vo , 55. 

Riley (James Whitcomb). 

Old Fashioned Roses: Poems. 
i2mo., 55. 

Poems. Fcp. 

Poems: Here at Home. i6mo, 
65. net. 

RvbAiyAt of Doc Si fees. With 

43 Illustrations by C. M Relyea. Crown 
8vo. 

Romanes,—^ Select/o.v from the 

PoE.MS OF George Joh.s' Ro.MAXESy .M.A.., 
LL.D., F.R.S. With an Introduction by 
T. Herbert Warren, President of Mag- 
dalen College, Oxford. Crown 8vo., 41. 6d. 

Russell. — So.v.vfts ox the So.y.vET : 

an .Anthology. Compiled by the Rev. 
.Matthew Ru.ssell, S.J. Crown 8vo., 
35. 6d. 

Shakespeare. — Bowdler's Family 
Shakespeare. W’lih 36 Woodcuts, i vol. 
8vo., Iff. Or in 6 vols. Fcp. 8vo., 215. 

The Sha res pea re B/r thda \ ' Book. 
By Mary F. Dunbar. 32mo., 15. 6d. 

Tupper. — Poems. By John Lucas 

Tupper. Selected and Edited by W'illiam 
Michael Rossetti. Crown 8vo., 55. 

Wordsworth. — Selected Poems. 
By Andrew Lang. With Photogravure 
Frontispiece of Rydal Mount. "With 16 
Illustrations and numerous Initial Letters, 
By Alfred Parsons, A.R.A. Crown 8vo., 
gilt edges, 35. 6d. 

Wordsworth and Coleridge.— .4 

DBSCRIPTIOX of THE IVORDS WORTH AND 
Coleridge Maxuscripts ix the PoS' 
SESSION OF Mr. T. Norton Longman. 
Edited, with Notes, by W. Hale White. 
With 3 Facsimile Reproductions, fto., 
loj, 6d. 
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KlXmghdsa,--CROOKED Paths. By 
Francis Allinoham. Crown 8vo., 6 j. 

Anstey. — Voces Fopuli, Reprinted 

from ‘Punch’. By F. Anstey, Author of I 
‘ Vice VersA ’. First Series. With 20 Illus- 
trations by J. Bernard Partridge. Crown 
8vo., 3i. bd. 

Beaconsiield (The Earl of). 

NoyELS AND Tales. Complete 
in II vols. Crown Svo., li. 6rf. each. 

Vivian Grey. Sybil. 

The Young Duke, etc. Henrietta Temple. 
Alroy, Ixion, etc. Venetia. 

Contarini Fleming, Coningsby. 

etc. Lothair. 

Tancred. | Endymion. 

Novels and Tales. The Hughen- 
den Edition. With 2 Portraits and ii 
Vignettes, ii vols. Crown 8vo., 425. 

Deland (Margaret). 

Philip and His Wife. Crown 
8vo., 25 . 6d. 

The Wisdom of Fools. Stories. 

Crown 8vo., 

Diderot — Rameau's Nephew: a 

Translation from Diderot’s Autographic 
Text. By Sylvia Margaret Hill. Crown 
, 3 J. 

Dougall.— All. By L. 
Dougall. Crown 8vo., 35. bd. 

Doyle (A. Conan). 

Micah Clarke: A Tale of Mon- 
mouth’s Rebellion. With 10 Illustra- | 
tions. Cr. 8vo., 35. bd. 

The Captain of the Polestar^ 
and other Tales. Cr. 8vo., 3s. bd. 

The Refugees: A Tale of the 
Huguenots. With 25 Illustrations. Cr. 
8vo., 35. bd. 

The Stark Munro Letters. Cr. 
8vo, 3^. ^d. 


Farrar (F. W., Dean of Canter- 
bury). 

Darkness and Dawn: or, Scenes 
in the Days of Nero. An Historic Talc. 
Cr. 8vo., 75. 

Gathering Clouds : a Tale of the 
Days of St. Chrysostom. Cr. 8vo., 75. bd. 

' Fowler (Edith H.). 

The Young Pretenders. A Story 
of Child Life. With 12 Illustrations by 
Philip Burne-Jones. Crown 8vo., bs. 

The Professor's Children. With 
24 Illustrations by Ethel Kate Burgess. 
Crown 8vo., bs. 

Froude.— T he Two Chiefs of Dun- 
boy: an Irish Romance ofthe Last Century. 
By James A. Froude. Cr. 8vo., 31. 

Gilkes. — Kallistratus : an Auto- 
biography. A Story of Hannibal and the 
Second Punic War. By A. H. Gilkes, M.A., 
Master of Dulwich College. With 3 Illus- 
trations by Maurice Greiffenhagen. 
Crown 8vo., bs. 

Graham.— Red Scaur: A 

Story of the North Country. By P. 
Anderson Graham. Crovm 8vo., bs. 

Gurdon. — Memories and Fancies : 

Suffolk Tales and other Stories; Fairy 
Legends ; Poems ; Miscellaneous Articles. 
By the late Lady Camilla Gordon, Author 
of * Suffolk Folk-Lore ’. Crown 8vo., 5s. 

Haggard (H. Rider). 

Heart of the World. With 15 
Illustrations. Crown 8vo., 3s. bd. 

Joan Haste. With 20 Illustrations. 

Crown 8vo., 3s. bd. 

The People of the Mist. With 
16 Illustrations. Crown 8vo., 3s. bd. 

Montezuma's Daughter. With 24 

Illustrations. Crown Svo. , 3s. bd. 

She. With 32 Illustrations. Crown 
8vo., 3s. bd. 

Allan Quatermain. With 31 
Illustrations. Crown 8vo., 35. bd. 
Maiw.a's Revenge : Cr. 8vo., is. 6d. 

Colonel Quaritch^ V.C. With 
Frontispiece and Vignette. Cr. 8vo., 35. bd. 

Cleopatra. With 29 Illustrations. 
Crown 8vo., 35. bd. 
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Fiction, Humour, &o.— continued. 


Haggard (H. Rider) — continued. 
Beatkice. With Frontispiece and 

Vignette. Cr. 8vo., 3s. 6rf. 

Eric Brighteves. With 51 Illus- 

uations. Crown 8vo., 3s. td. 

Nada the Lily, With 23 Illustra- 
tions. Crown 8vo., 35. bd. 

Allah's JV/fe. With 34 Illustra- 
tions. Crown 8vo., 3s. 6</. 

The IV/tch's Head. \\'ith 16 

Illustrations. Crown 8vo., 3s. 6</. 

Ir. Mef.sons Will. With 16 

Illustrations. Crown 8vo., 3s. 6</. 
Daws. With 16 Illustrations. Cr. 
Svo., 3s. 6</. 

Harte . — In the Carqvixea Woods 

and other stories. By Bket Hartk. Cr. 
8vo., 3r. t)d. 

Hope. — The Heart ol Prixclss 
OsRA. By Antho.w Hope. Wjth q Illus- 
trations by John Williamso.s. Crown 
bvo., 65. 

Homung.— TV /a Uht/d/^ex Gi est. 
By E. W. Horn UNO. Crown Svo., 3s. (W. 

J erome. — See tches /x L a / l xder : 
Blue axd Greex. By Jerome K. Jeromi , 
.Author of ‘ Three Men in a Boat.' etc. 
Crown Svo., 65. 

J oyce . — Old C 7 . l tk ' A't a ^es . 

Twelve of the most beautiful of the cieni 
Irish Romantic Tales. 7 'ranslated from the 
Gaelic. By P. W. Joyce, LL.D. Crown 
Svo., 3s. 6</. 

Lang. — A Mohr of F/le ; a Story 

of the Days of Joan of Arc. By Anokew 
Lang. With 13 Illustrations by Sei.wyn 
Image. Crown 8vo., 3s. 6d. 

Levett-Yeats (S.). 

The CHEyALiER n A l rial. Crown 

8 VO., 65. 

A Galahad of the Creeks^ and 
other Stories. Crown 8vo., 65. 

l^yall (Edna). 

The a utobiography of a Slander. 

With 20 Illustra- 
Crown 

OF A Truth. 

A. \,y, if.Kf.f , IS. 6 d.f cloth. 

Doreen. The Story of a Singer. 
Crow'n 8vo., 6s. 

Wa vfa r ing Men, C row n 8 vo. , 6.s . 


Melville (G. J. Whytr). 

The Gladiators. Holmby House. 

The Interpreter. Kate Coventry. 

Good for Nothing. Dighy Grand. 

The Queen’s Maries. 1 General Bounce. 
Crown 8vo., is. 6 d. each. 

Merriman.-~/'AC7vs\*i.v .* A Story of 
the Indian Mutiny. By Henry Seton 
Mekkiman. With PTontispiece and Vig- 
nette by H. G. Massey, .A.R.E. Crown 
8vo., 3s. td. 

Morris (William). 

The Sundering Flood. Cr. Svo., 

75 . (id. 

The Water of nn 
Isles. Crown Svo., 75 . (hi. 

The Whi.L AT /hi: II'ok/.d's End. 

1 vols. 8 vo., 2Si. 

The St{ ui )' i>f / /// Gi / r tfr ing 

Pla/X. which has been also called The 
Land of the Li\ing .Men. or The .Acre of 
the I’ndying. S([u.ire post Svo,, 55. net. 
The /u/()/ s <>/•' ;///. A/cuwta '.vs, 
wherein is told somewhat of the Lives of 
the .Men of Burgdale, their f riends, their 
Neighbours, their I'oemeii. and their 
Fellows-in-.Arms, Written in Piose and 
Verse. Square crown S\o,, .Ss. 

A Tale ol thl Hoi s/ of the 
ILc)LF/,\\kS, and all the Kindreds of the 
Mark. Written m ITose and Verse. 
Square crow n Svo , 6s. 

A Dream of Jo hx Bai i., axd a 
KixGs Llssox i2mo., is. bd. 

News aavu/ Nowhere ; or, An 

Epoch of Rest. Being some Chapters 
from an Utopian Romance. Post Hvo., 
15 . (id. 

%* For Mr. AA’illiam Morris’s Poetical 
W orks, see p. 20. 

Newman (Cardinal). 

Zos.s AXD Gain: The Story of a 
Convert. Crowm Hvo. Cabinet Edition, 
65. J Popular Edition, 3s. (id. 

Cali. 1ST A ; A Tale of the Third 

Century. Crown Svo. Cabinet Edition, 
65.; Popular Edition, 35^ 6r/. 

Oliphant. — Old Mr. Trkdgold. 

By Mrs. Oliphant. Crown Hvo., 25. (id. 

Phillipps-Wolley.— *Savi/\* a Legend 

8vo., 33. (id. 

Quintana.— 

an Historical Romance. By 
DE Trueba y la Quintana. Translated 
from the Spanish by Henry J. Gill, M.A., 
T.C.D. Crown Hvo., 63. 
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Rhoscomyl (Owen), 

The Jewel of Ynys Galon: being 

a hitherto unprinted Chapter in the History 
of the Sea Rovers. With 12 Illustrations 
by Lancelot Seeed. Cr. 8vo., 35. ^d. 
Battlement and Tower : a 
Romance. With Frontispiece by R, 
Caton Woodville. Crown 8vo., 6s. 

For the White Rose of Arno: 

a Story of the Jacobite Rising of 1745. 
Crown 8vo., 6s. 

Sewell (Elizabeth M.). 

A Glimpse of the World Amy Herbert 
Laneton Parsonage. Cleve Hall. 

Margaret Percival. Gertrude. 

Katharine Ashton. Home Life. 

The Earl’s Daughtei. After Life. 

The Experience of Life Ursula. Ivors. 

Cr. 8vo., IS. 6d. each cloth plain. 2s. C</. 
each cloth e.xtra, gilt edges. 

Stevenson (Robert Loris). 

Thl Strange Case ot Dr. Iekvll 
AND Mr. Hyde, l"cp. 8vo., is. sewed. 
IS. 6d. cloth. 

The SiR.\Ni,i: Casi. ot Dr. 
Jekyll a\d Me. H\ de : with other 
Tables. Crown 8vo,, 35. 6(/. 

A' Nights — The 
By Roni-in Lolls Steven- 
son and Fanny van de Grh-t Steven- 
son. Crown 8vo., 35. bd. 

The JVrong Bon. By Robert | 
Louis Stevenson and Lloyd Osbourne. 1 
Crown Hvo., 35. bd. 

Suttner.'-Z.^ir Doun Your Arms 

[Die Waffen Nieder ) : The Autobiography i 
of Martha von Tilling. By Bertha von 
Suttnek. Translated by T. Holmes. 
Cr. 8vo., IS. bd. 

T aylor. — Fa rl i ' Ita lian Loi 1:- 

Stories. Edited and Retold by Una 
Tayi-or. \N'ith 12 Illustrations by H. J. 
Ford. 

Trollope (Anthony). 

The Warden. Cr. 8vo., 15. 6^/. 

B ARCHES TER ToWERS. Cr. 8vO., 

IS. bd. 

Walford (L. B.). 

Leddy Marget. Crown 8vo., 6.s. 

IvA Kildare: a Matrimonial Pro- 
blem. Crown 8vo., 6s. 


Walford (L. B.) — continued. 

Mr. Smith: a Part of his Life. 
Crown 8 VO., 25. bd. 

The Baby's Grandmother. Cr. 

8 VO., 2S. bd. 

Cousins. Crown 8vo., 25. M. 

Tro ublesome Da ugh ters . C r 

8vo., 2s. bd. 

Pauline. Crown 8vo., 25. 

Dick Netherby. Cr. 8vo., 25. 

The History of a Week. Cr. 
8vo. 2s. bd. 

A Stiff-necked Generation. Cr. 

8 VO. 2s. bd. 

Nan, and other Stories. Cr. 8vo., 

25 . bd. 

The Mist h iff of Monica. Cr. 

8 VO., 2s. bd. 

The One Good Guest. Cr. 8vo. 

25 . bd. 

Tloi\,IiEd^ and other Stories. 

Crown 8vo., 2s. bd. 

The Ma n lima ker. Cr. 8vo. , 25. bd. 
W at son . — / ( /.V(; a nd ' Ch. i sing : a 

Collection of Sporting Stories. By Alfred 
E. T'. Wa'ison. Editor of the ‘Badminton 
IHagazme ’. With 1 6 Plates and 36 Illustra- 
tions in the Text. Crown 8vo., 7s. bd. 

Weyman (Stanley). 

The House of the Wolf. With 
Frontispiece and Vignette. Crown 8vo., 
3s. bd. 

A Gentleman of France. With 
Frontispiece and \"ignette. Cr. 8vo., 6s. 

The Red Cockade. With Frontis- 
piece and Vignette. Crown 8vo., 6s. 
Shrehsbury. With 24 Illustra- 
tions by Claude A. Shepperson. Cr. 
8vo., 6s. 

Whishaw (Fred,). 

A Boy.'R of the Terrible: a 

Romance of the Court of Ivan the Cruel, 
First Tzar of Russia. With 12 Illustra- 
tions by H. G. Massey, A.R.E. Crown 
8vo., 6s. 

A Tsar s Gratitude : A Story of 
Modern Russia. Crown 8vo., 6s. 

Woods. — W EEPim. Ferry, and other 
Stories. By Margaret L. Woods, Author 
of ' A Village Tragedy Crown 8vo., 6s. 
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Popular Seienee 

Butler. — Ous Hovsehold Insects. 
An Account of the Insect- Pests found in 
Dwelling-Houses. By Edward A. Butler, 
B.A., B.Sc. (Lend.). With 113 Illusua- 
tions. Crown Svo., 3^- < — 


.'^umeaux (W.). 

The Outdoor World ; or The ' 
Young Collector's Handbook. With 18 | 
Plates (16 of which are coloured), and 549 
Illustrations in the Text. CrowTi 8vo., 
7i. td. 

Butterflies and (British). 

With 12 coloured Plates and 241 Ulus- i 
trations in the Text. Crown Svo., 71. 6d. | 

Life in Ponds and Streams. ‘ 
With 8 coloured Plates and 331 Illustra- 
tions in the Text. Crown 8vo., 7i. td. ; 


(Dr. George), 

Sea 

With 12 Plates and 303 Woodcuts. 8vo., ’ 
7i. net. 

The Tropical World, With 8 ' 
Plates and 172 Woodcuts, 8vo., 7^. net. 

The Polar World. With 3 Maps, ! 
8 Plates and 85 Woodcuts, Svo,, js. net, 1 

The Subterranean World. With • 

3 Maps and 80 Woodcuts. 8vo., 75. net. < 

The Aerial World. With Map, 8 | 
Plates and 60 Woodcuts. 8vo., js. net, [ 

Heroes of the Polar World. With 
19 Illustrations. Cr. 8vo., 2i. 

Wonders of the Tropical Forests, j 
With 40 Illustrations, Cr. 8vo., 2j. 

Workers under the Ground.VJ \ lh ! 
29 Illustrations. Cr. 8vo., 25. j 

With; 

29 Illustrations. Cr. 8vo., at. 

I 

Sea Monsters and Sea Birds. > 
With 75 Illustrations. Cr. 8vo., %i. 6d. j 

Denizens of the Deep. With 117! 
Illustrations. Cr. 8vo., 2i. 6d. | 


(Natural History, &c.). 

Hartwig (Dr. GEOKOEy-continued, 

Volcanoes and Earthquakes. 
With 30 Illustrations. Cr. 8vo., 2J. bd. 

Wild Animals of the Tropics. 
With 66 Illustrations. Cr. 8vo., 35. 6d. 


Helmholtz.— Popular Lectures on 
Scientific Subjects. By Herma.nn von 
Helmholtz. With 68 Woodcuts, avols. 
Cr. 8vo., 35. bd. each. 


Hudson (\V. H ). 

British Birds. With a Chapter 
on Structure and Classification by Frank 
E. Beddard, F.R-S. With 16 Hates (8 
of which are Coloured), and over 100 Illus- 
trations in the Text. Cr. 8vo., ji. bd. 

Birds in London. With 17 Plates 

and 15 Illustrations in the Text, by Bryan 
Lodge. 8vo., 12s. 

Proctor (Richard A.). 

Light Science for Leisure Hours. 

Familiar Essay's on Scientific Subjects. 3 
vols. Cr. 8vo., 55. each. 

Po UGH Wa y's ma de Sml k) th. Fam i - 
liar Essays on Scientific Subjects. Crown 
8vo., 3i. bd. 

Pleas A nt Wa rs in Science . C rown 
8vo., 3s. bd. 

Nature Studies. By R. A. Proc- 
tor, Gka.nt Allen, A. Wilson, ' 1 '. 
Foster and E. Clodd. Crown 8vo.. 
31. bd. 

Leisure Readings. By R. A. Proc- 
tor, E. Clodd, A. Wilson, T. Foster 
and A. C. Ran yard. Cr. 8vo., 3J. bd. 


JiO u — J., 

Catalogue of Scientific Works. 


Stsmley.-A Familiar History of 
Birds. By E. Stanley, D.D., formerly 
Bishop of Norwich. With 160 Illustrations. 
Cr. 8vo., 31. bd. 
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Popular Soienoe (Natural History, &c.) — continiied. 
Wood (Rev. J. G.). Wood (Rev. J. G.) — continued. 


Homes without Hands: A Descrip- 
tion of the Habitations of Animals, classed 
according to the Principle of Construc- 
tion. With 140 Illustrations. 8vo., 
75. net. 

Insects at Home : A Popular Ac- 
count of British Insects, their Structure, 
Habits and Transformations. With 700 
Illustrations. 8vo., yj. net. 

Insects Abroad: a Popular Account 
of Foreign Insects, their Structure, Habits 
and Transformations. With 600 Illustra- 
tions. 8vo., 75. net. 

Bible Animals : a Description of 
evc^ Living Creature mentioned in the 
Scriptures. With 112 Illustrations. 8vo., 
75. net. 

Petland Revisited. With 33 
Illustrations, Cr. 8vo., 3s. 6d. 

Out of Doors; a Selection of 
Original Articles on Practical Natural 
History. With 11 Illustrations. Cr. 8vo., 
35. 6<f. 


Strange Dwellings : a Description 
of the Habitations of Animals, abridged 
from ‘ Homes without Hands With 60 
Illustrations. Cr. 8vo., 35. bd. 

Bird Life of the Bible, With 32 
Illustrations. Cr. 8vo. , 31. 6d. 

JVoNDERFUL Nests, With 30 Illus- 
trations. Cr. 8vo., 35. W. 

Homes under the Ground. With 

28 Illustrations. Cr. 8vo., 3s. 6d. 

Wild Animals of the Bible. With 

29 Illustrations. Cr. 8vo., 35. bd. 

Domestic Animals of the Bible. 
With 23 Illustrations. Cr. 8vo., 35. Gd. 

The Branch Builders. With 28 
Illustrations. Cr. 8 vo., 25. 6d. 

Social Habitations and Parasitic 
Nests. With 18 Illustrations. Crown 
8vo., 2i. 


Works of Reference. 


Gwilt.— Encyclop.edia of Ar- I Maunder (Samuel) — continued. 


By Joseph Gwilt, F.S.A. ' 
Illustrated with more than 1100 Engrav- 
ings on Wood. Revised (1888), with Al- 
terations and Considerable Additions by 
Wyatt Papworth. 8 vo, £2 125. 6d. 

Longmans’ Gazetteer of the 

IVORLD. Edited by George G. Chis- 
holm, M.A., B.Sc. Imp. 8vo., £2 2s. cloth, 
£2 i2s. 6d. half-morocco. 

Maunder (Samuel). 

Biographical Treasury. With ! 
Supplement brought down to 1889. By 
Rev. James Wood. Fcp. 8vo., 6 j. 

Treasury OF Geography, Physical, 
Historical, Descriptive, and Political. 
With 7 Maps and 16 Plates. Fcp. 8vo., 6s. 

The Treasury of Bible Know- 
ledge. By the Rev. J. Ayre, M.A. With 
Maps, 15 Plates, and 300 Woodcuts, 
cp. 8vo., 6s. 

Treasury of Knowledge and Lib- 
rary OF Reference. Fcp. 8vo., 6s. 
Historical Treasury. Fcp.8vo.,65. 


Scientific and Literary Trea- 
sury. Fcp. 8vo., 6s. 

The Treasur y of Botany. Edited 
by J. Lindley, F.R.S., and T. Moore, 
F.L.S. With 274 Woodcuts and 20 Steel 
Plates. 2 vols. Fcp. 8vo., 12s. 


— Thesaurus of English 
Words and Phrases. Classified and Ar- 
ranged so as to Facilitate the Expression of 
Ideas and assist in Literary Composition. 
By Peter Mark Roget, M.D., F.R.S. 
Recomposed throughout, enlarged and im- 
proved, partly from the Author’s Notes, and 
with a full Index, by the Author’s Son, 
John Lewis Roget. Crown 8vo., los. 6d. 


WilHch.- -Popular Tables for giving 
information for ascertaining the value of 
Lifehold, Leasehold, and Church Property, 
the Public Funds, etc. By Charles M. 
WiLLicH. Edited by H. Bence Jones. 
Crown 8vo., los. 6d. 



22 MESSRS. LONGMANS & CO.’S STANDARD AND GENERAL WORKS. 


Fiction, Humour, koi.— continued. 


Haggard (H. Rider) — continued. 
Beatrice. With Frontispiece and 
Vignette. Cr, 8vo., 3s. bd, 

Eric Brighteyes. With 51 Illus- 
trations. CrowTi 8vo., 3s. bd. 

Nada the Lily. With 23 Illustra- 
tions. Crown 8vo., 3s. bd. 

Allah's Wife. With 34 Illustra- 
tions. Crown 8vo., 3s. bd. 

The Witch's Head. With 16 

Illustrations. Crown 8vo., 3s. bd. 

Mr. Meesoh's Will. With 16 

Illustrations. Crown 8vo., 35. bd. 
Daivh. With 16 Illustrations. Cr. 
8vo., 3s. bd. 

Harte.— /v the Caeqcixet IVoods 
and other stories. By Bret Harte. Cr. 
8vo., 

Hope. — The Heart 01 Pk excess 
OsRA. By Anthony Hope. With 9 Illus- 
trations by John Wilma msdn. Crown 
8vo., 6s. 

Homung.— TV /a Uxtiddex Gi'est. 

By E. W, Hoknung. Crown 8vo., 35. bd. 

J erome. — See tches ix La ; l xpl r : 
Blue axd Gkeex. By Jerome K. Jerome, 
.Author of • Three Men in a Boat.’ etc. 
Crown 8\o-, 6s. 

Joyce. — OLLf Ce/.tic Ro.MAXCES. 

Twelve of the most beautiful of the .•Vi cicnt 
Irish Romantic Tales. Translated from the 
Gaelic. By P. W. Joyce, LL.D. Crovsn 
8vo., 3s. bii. 

Lang. — A Monk of Fhe ; a Story 

of the Days of Joan of Arc. By Andrew 
Lang. With 13 Illustrations by Selwyn 
Image. Crown 8vo., 3i. bd. 

Levett-Yeats (S.). 

TffE Chevalier D Avkim . Crown 

8vo., 6s. 

A Galahad of the Creeks^ and 
other Stories. Crown 8vo., 6s. 

Lyall (Edna). 

The a vroBiocRArnv of a Slander. 

With 20 Illustra- 

The Autobiography of a Truth. 

Fcp. 8vo., IS., sew'ed ; is. 6rf., cloth. 

Doreen. The Stor>' of a Singer. 
Crown 8vo., 6s. 

Wayfaring Men. Crown 8vo., 6.s. 


Melville (G. J. Whyte). 

The Gladiators. Holmby House. 

The Interpreter. Kale Coventry 

Good for Nothing. Digby Grand, 

The Queen’s Maries. General Bounce. 

Crown Kvo., is. bd. each. 

Merriman.-~/7.()7’.svijf .• A Story of 

the Indian Mutiny. By Henry Seton 
Merriman. With Frontispiece and Vig- 
nette by H. G. Massey, .\.R.E. Crown 
<Svo., 3s. bd. 

Morris (William). 

The SiNDFR/X(; Pioon. Cr. 8vo., 

75. bd. 

Tin Water of nn li’ox/>Ri'[\s 
Isles. Crown 8vt)., 75. (ui. 

L'he Wei.l at the U’orld's End. 

Z \ols. 8vo.. 2M. 

Pl.AlX, winch has been also called The 
Land of the I.uin;; Men. or 'I'he .Acre of 
the I'ndyini;. Squ.ire post Svo. , 5s net. 

Thi- Roods o/' /;// JLu'x la '. vs, 

wherein i.s told somewhat of the Li\e.s of 
the .Men ol Burj^dale. llieir I'l lends, their 
Nei[;hbouis. their l-'oeiiien. and their 
Fellow's-in-Arrns. Written m Prose and 
Ver.se. Square crown 8\o . Ns. 

A Tali. <>/• ////• Ihn si 01 the. 

and all the Kindreds of the 
Mark. Written in Prose and Verse. 
Square crown 8vo., 65. 

A Dream 01 John Bail, and a 

K I Xu's Lessos. i2mo., is.bd. 

Aah'n eR(KM NoH'HERt. ; or, An 
Epoch of Rest. Being some Chapters 
from an Utopian Romance. Post 8vo., 

IS. bd. 

For Mr. William Morris's Poetical 
Works, see p. 20. 

Newman (Cardinal). 

Lo.ss AXD Gaix : The Story of a 

Convert. Crown Svo. Cabinet Edition, 
6s. • Popular Edition, ^s. (ui. 

Ca LUST A : A Tale of the Third 
Century. Crown 8vo. Cabinet Edition, 
6 s. ; Popular Edition, 3s, bd. 

Oliphant. — Old Mr. Tredgold. 

By Mrs. Oliphant. Crown 8vo., 2s. bd. 

Phillipps-Wolley. — Snap: a Legend 

1 

8vo,, 3s. bd. 

Quintana.-— 7 //A Cm 

an Historical Romance. By D. Antonio 
DE Tkueba y la Quintana. Translated 
from the Spanish by Henry J. Gill, M.A., 
T.C.D. Crown 8vo., 6s, 



MESSRS. LONGMANS & CO.’S STANDARD AND GENERAL WORKS. 


23 


Fiction, Humour, &e. — continued. 


Rhoscomyl (Owen). 

The Jewel of Ynys Galon : being 

a hitherto unprinted Chapter in the History 
of the Sea Rovers. With 12 Illustrations 
by Lancelot Speed. Cr. 8vo., 3s. td. 

Battlement and Tower : a 
Romance. With Frontispiece by R. 
Caton Woodville. Crown 8vo., 6i. 
For the White Rose of Arno: 
a Story of the Jacobite Rising of 1745. 
Crown 8vo., 6s. ' 1 

Sewell (Elizabeth M.). 

A Glimpse of the World Amy Herbert 

Laneton Parsonage. Cleve Hall. 

Margaret Percival. Gertrude. 

Katharine Ashton. Home Life. 

The Earl’s Daughter. After Life. | 

The Iixperience of Life Ursula. Ivors, j 

Cr. 8vo., IS. 6r/. each cloth plain. 2s. 6c/. 1 
each cloth extra, gilt edges. 

Stevenson (Robert Louis). 

The Strange Case 01 Dr. J ekvll 
AX/> Mr. Hyde. Fcp. Hvo., is. sewed. 
IS. 6c/. cloth. 

The Ca.s/. ot Dr. 

J EKVLL A.Vn A/R. HydL ; WITH OTHER 
TaR!.e.s. Crown hvo., 35. td. 

J/( )RE Ne li ' A RA RIAN NlGH TS — Tl/E 
I) VS A \H iER . By Romlh I Loi'is Steven- 
son and 1'annv van de Gkii t Steven- 
son. Crown 8vo., 3s. (^d. 

The IFRo.vcr Box. By Robert 
Louis Stevenson and Lloyd Osbourne. 
Crown 8vo., 3s. 6c/. 

Suttner.-'-Z.*/)' Doux Your Arms 

{Dii' Waffcn Nifdi r) : The Autobiography 
of Martha von Tilling. By Bertha von 
S uTTNER. Translated by T. Holmes. 
Cr. 8vo., IS. r ■ 

T ay lor. — Ea rl i ' It a l l i n D h’e- 
Stor/es. Edited and Retold by Una 
Taylor. With 12 Illustrations by H. j. 
Ford. 

Trollope (Anthony). 

The Warden. Cr. 8 vo., 15. 6 <f. 

B ARC HESTER ToWERS. Cr. 8 vO., 
IS. 6c/. 

Walford (L. B.). 

Leddv Marc ft. Crown 8vo., 6,v. 

IvA Kildare: a Matrimonial Pro- 
blem. Crown 8vo., 6s. 


Walford ( L . B .) — continued. 

Mr. Smith: a Part of his Life. 
Crown 8vo., 2s. bd. 

The Baby^s Grandmother. Cr. 

8vo., 2s. 6d. 

Cousins. Crown 8vo., 2s. 6d. 
Troublesome Daughters. Cr 

8vo., 2S. 6c/. 

Pauline. Crown 8vo., 25 . 6rf. 
Dick Netiiekby. Cr. 8vo., 25 . 6d, 
The History of a Week'. Cr. 

8vo. 2s. 6c/. 

A St/ee-xecked Generation. Cr. 

8vo. 25. 6c/. 

Nan, and other Stories. Cr. 8vo., 

2S. 6c/. 

The Mischief of Monica. Cr. 

8vo., 2S. 6c/. 

The Oxe: Good Guest. Cr. 8vo. 

2S. 6</. 

‘ Plough ED J and other Stories. 

Crown h\o., 2i. be/. 

The Ma n 11 maker. Cr. 8vo., 25 . 6cf. 

I Watson.— Wj( iXG AXD 'Chasixg: a 

Collection of Sporting Stones. By Alfred 
E. 1. Wat.son, Editor of the ‘ Badminton 
i .Maga/me ’. With 16 Plates and 36 Illustra- 
j tions in the Text. Crown 8vo., 7s. 6c/. 

j Weyman (Stanley). 

‘ The House of the: Wole. With 
Frontispiece and Vignette, Crown 8vo., 
3s. 6c/. 

A Gextleman of France. With 
j Frontispiece and Vignette. Cr. 8vo., 6s. 

1 The Red Cockade. With Frontis- 
piece and Vignette. Crown 8vo., 6s. 
Shrehsbury. With 24 Illustra- 
tions by Claude A. Shepperson. Cr. 
8vo., 6s. 

Whishaw (Fred.). 

A Boyar of the Terrible: a 

Romance of the Court of Ivan the Cruel, 
F'irst Tzar of Russia. With 12 Illustra- 
tions by H. G. Massey, A.R.E. Crown 
8vo., 65. 

A Tsars Gratitude : A Story of 
Modern Russia. Crown 8vo., 6s. 

Woods.— Weeping Ferry^ and other 

Stories. By Margaret L. Woods, Author 
of ‘ A Village Tragedy Crown 8vo., 6s. 
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Popular Seienoe (Natural History, Ac.). 


Butler. — Our Household Insects, j Hartwig (Dr. George) — continued. 
An Account of the Insect-Pests found in I 


Dwelling-Houses. By Edward A. Butler» 
B.A., B.Sc. (Lond.). With 113 Illustra- 
tions. Crown 8vo., j-. 


Fumeaux (W.). 


Volcanoes and Earthquakes. 
With 30 Illustrations. Cr. 8vo., is. 6d. 

Wild Animals of the Tropics, 
With 66 Illustrations. Cr. Svo., 31. 6d. 


The Outdoor World; or The i Helmholtz. — Popular Lectures on 
Young Collector’s Handbook. With 18 j Scientific Subjects. By Hermann von 
Plates (16 of which arc coloured), and 549 i Helmholtz. With 68 W'oodcuts. 2 vols. 
Illustrations in the Text. Crown 8vo., ! Cr. 8vo.. \s. 6d. each. 

7S. 6d. \ 


Butterflies and (British). | Hudson (W. H.). 

With 12 coloured Plates and 241 Ulus- ! 
trations in the Text. Crow’n 8vo., 75. 6d. 


Life in Ponds and Streams. ! 

With 8 coloured Plates and 331 Illustra- ; 
tions in the Text. Crown 8vo., 7s. td. i 

; 

I 

Hartwig (Dr, George). 1 

The Sea and its Living Wonders, i 

With 12 Plates and 303 Woodcuts. 8vo., ! 
7s. net. 

The Tropical World, 

Plates and 172 Woodcuts. 

The Polar World. With 3 Maps, i 
8 Plates and 85 Woodcuts. Svo., 7s. net. j 

The Subterranean World. With j 
3 Maps and 80 Woodcuts. 8vo., 75. net, j 

The Aerial World. With Map, 8 
Plates and 60 Woodcuts. 8vo., 75. net. 

Heroes of the Polar World. With 
19 Illustrations. Cr. 8vo., 25. I 

Wonders of the Tropical Forests. 
With 40 Illustrations. Cr. 8vo., 2J. ' 

Workers under the GRouND.^\ih. j 
29 Illustrations. Cr. 8vo., 25. 

Marvels Over our Heads. With i 
29 Illustrations. Cr. 8vo., zs. 

Sea Monsters and Sea Birds. ! 


British Birds. With a Chapter 
on Structure and Classification by Frank 
E. Beddard, F.R.S. W’ith 16 Plates (8 
of which are Coloured), and over 100 Illus- 
trations in the Text. Cr. 8vo., 7s. 6d. 

Birds in London. With 17 Plates 
and 15 Illustrations in the Text, by Bryan 
Hook, A. D. McCormick, and from 
Photographs from Nature, by R. B. 
Lodge. Svo., 125. 


With 8 ; Proctor (Richard A.). 

8vo., 7s. net. j 

‘ Light Science for Leisure Hours. 


Familiar Essays on Scientific Subjects. 3 
vols. Cr. 8vo., each. 

Rough Wa vs made Smooth. Fami- 
liar Essays on Scientific Subjects. Crown 
8vo., 3i. td. 

Pleasant Wa ys in Science. Crown 
8vo., 3r. td. 

Nature Studies. By R. A. Proc- 
tor, Grant Allen, A. Wilson, T. 
Foster and E. Clodd. Crown 8 vo., 
3 ^- 

Leisure Readings. By R. A. Proc- 
tor, E. Clodd, A. Wilson, T. Fostek 
and A. C. Ran yard. Cr. Svo., $s. 6d. 

*** For Mr. ProctoVs other books see pp. 13, 
28 and 31, and Messrs. Longmans & Co.^s 
Catalogue of Scientific Works, 

{ Stanley. -A Familiar History of 
Birds. By E. Stanley, D.D., formerly 
Bishop of Norwich. With 160 Illustrations. 
Cr. 8vo., 3i. 6d. 


With 75 Illustrations. Cr. 8vo., is. 6d. 

Denizens of the Deep. With 1 17 
Illustrations. Cr. 8vo., is. 6d. 
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Popular Science (Natural History, &e.) — continued. 


Wood (Rev. J. G.). 


Homes without Hands: A Descrip- 
tion of the Habitations of Animals, classed 
according to the Principle of Construc- 
tion. With 140 Illustrations. 8vo., 
net. 

Insects at Home : A Popular Ac- 
count of British Insects, their Structure, 
Habits and Transformations. With 700 
Illustrations. 8vo., yj. net. 

Insects Abroad: a Popular Account 
of Foreign Insects, their Structure, Habits 
and Transformations. With 600 Illustra- 
tions. 8vo., 75. net. 

Bible Animals : a Description of 
every Living Creature mentioned in the 
Scriptures. With 112 Illustrations. 8vo., 
7J. net. 

Petland Revisited. With 33 
Illustrations, Cr. 8vo., 3s. 6d. 

Out of Doors; a Selection of 
Original Articles on Practical Natural 
History. With 11 Illustrations. Cr. 8vo., 
3 «- 


Wood (Rev. J. G.) — continued. 

Strange Dwellings: a Description 
of the Habitations of Animals, abridged 
from ‘ Homes without Hands With 60 
Illustrations. Cr. 8vo., 35. 6d. 

Bird Life of the Bible, With 32 
Illustrations. Cr. 8vo. , 35. 6d. 

Wonderful Nests, With 30 Illus- 
trations. Cr. 8vo., 31. td. 

Homes under the Ground, With 

28 Illustrations. Cr. Svo., 31. 6d. 

Wild Animals of the Bible. With 

29 Illustrations. Cr. 8vo., 3s. 6<#. 

Domestic Animals of the Bible, 
With 23 Illustrations. Cr. 8vo., 35. 6d. 
The Branch Builders, With 28 
Illustrations. Cr. 8vo., 2f. td. 

Social Habitations and Parasitic 
Nbsts. With 18 Illustrations. Crown 
8vo., 2S. 


Works of Reference. 


Gwilt“^*v Encvclop.edia of Ar- I 
CHnECTCRE . By Joseph Gwilt, F.S.A. ' 
Illustrated with more than 1100 Engrav- | 
ings on Wood. Revised (1888), with Al- ; 
lerations and Considerable Additions by ! 
Wyatt Papworth. 8vo, £2 12s. 6 d. 

Longmans* Gazetteer of the 
World, Edited by George G. Chis- 
holm, M.A., B.Sc. Imp, 8vo., £2 2S. cloth, 
£2 12s. 61I. half-morocco. 

Maunder (Samuel). 

Biographical Treasury. With i 
Supplement brought down to 1889. By 
Rev. James Wood. Fcp. 8vo., 6s. 

Treasury OF Geography, Physical, 
Historical, Descriptive, and Political. 
With 7 Maps and 16 Plates. Fcp. 8vo., 6j. 

The Treasury of Bible Know- 
ledge. By the Rev. J. Ayre, M.A. With 
Maps, 15 Plates, and 300 Woodcuts, 
cp. 8vo., 65. 

Treasury of Knowledge and Lib- 
rary OF Reference. Fcp. 8vo., 65. 
Historical Treasury, Fcp.8vo.,65. 


Maunder (Samuel) — continued. 

Scientific and Literary Trea- 
sury. Fcp. 8vo., 65. 

The Treasury of Botany. Edited 
by J. Lindley, F.R.S., and T. Moore, 
F.L.S. With 274 Woodcuts and 20 Steel 
Plates. 2 vols. Fcp. 8vo., 125. 


Roget. — Thesaurus of English 
Words and Phrases. Classified and Ar- 
ranged so as to Facilitate the Expression of 
Ideas and assist in Literary Composition. 
By Peter Mark Roget, M.D., F.R.S. 
Recomposed throughout, enlarged and im- 
proved, partly from the Author’s Notes, and 
with a full Index, by the Author’s Son, 
John Lewis Roget. Crown 8vo., loi. 6d, 


Willich.-PopuLAR Tables for giving 
information for ascertaining the value of 
Lifehold, Leasehold, and Church Property, 
the Public Funds, etc. By Charles M. 
WiLLiCH. Edited by H. Bence Jones. 
Crown 8vo., los. 6d. 
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Crake (Rev. A. D.). 

Edh^y the Fair ; or, The First 
Chronicle of /E&cendune. Cr. 8vo. , 2s. 6d. 
Alegar the Dane ; or, The Second 
Chronicle of /Escendune. Cr . 8vo. 2s. 6<# . 
The Rival Heirs : being the Third 
and Last Chronicle of ASscendune. Cr. 
8vo., 25. 6d. 

The House OF IValderne, A Tale 
of the Cloister and the Forest in the Days 
of the Barons’ Wars. Crown 8vo., 25. 6 d. 
Brian Fitz- Count. A Story of 
Wallingford Castle and Dorchester 
Abbey. Cr. 8vo., 25. Gd. 

Lang (Andrew). — Edited by. 

The Blue Fairy Book. With 138 | 
Illustrations. Crown Svo., 65. ( 


Children’s Books. 

Meade (I.. T.). 

DAOin^s Boy. With 8 Illustrations. 

Crown 8vo., bii. 

Deb and the Duchess, With 7 
Illustrations. Crown 8vo., 35. td. 

The Berks ford Prize, With 7 
Illustrations. Crown Hvo., 35. 6^/. 

The House of Surprises, With 6 

Illustrations. Crown Svo. 35. td. 

Praeger. — JPe Adventures of the 
1 1 IK EE Hold Babes: Rector, Honor/ a 
AND Alisander. A Story in Pictures. By 
S. Rosamond Praeokr. With 24 Coloured 
Plates and 24 Outline Pictures. Oblong 
4to., 3s. bd. 

Stevenson. — A Child's Garden of 


The Red Fairy Book, With 100 

Illustrations. Crown 8vo., 65. 

The Green Fairy Book. With 99 

Illustrations. Crown 8vo., 65. 

The Velloiv Fairy Book, With 
104 Illustrations. Cro%\n 8vo.. 65. 

The Pink Fairy Book, With 67 
Illustrations. Crown 8vo., 6s. 

The Blue Poetry Book. With 100 
Illustrations. Crown 8vo., 6s. 

The Blue Poetry Book. School 

Edition, without Illustrations. Fcp. 8vo., 
25. 6 d. 

The True Story Book. With 66 

Illustrations. Crown 8vo., 65. 

The Red Tr ue Story Book. With 

100 Illustrations. Crown 8vo., 65. 

The Animal Story Book. With 

67 Illustrations. Crown 8vo., 65. 

M olesworth— 5 /i: i br thorns. By 

Mrs. Molesworth. With 4 Illu.strations. 
Cr. 8vo., 55. 


Verses. By Robert Louis Stevenson. 

Fcp. 8vo., 55. 

Sullivan. — Hare They Are I More 

Stones. Written and Illustrated by Jas. P'. 

Sullivan. Crown 8vo., 65. 

Upton (PTorence K. and Bertha). 

The Adventures of Tuv Dutch 
Dolls and a ^ Golliwocg' . With 31 
Coloured Plates and numerous Illustra- 
tions in the Text. Oblong 410., 65. 

The Golliwoogs Bkwll Club. 

‘ With 31 Coloured Plates and numerous 
Illustrations in the Text. Oblong 4to., 
65. 

The Vb:gi:-Men s Rfvfngl. With 
31 Coloured Plates and numerous Illus- 
trations m the I'ext. Oblong 410., 65. 

Wordsworth.— 7//A Snow Garden., 

and other ..... 

By Elizabeth Wordsworth. With 10 

Illustrations by Trevor H addon. Crown 

8vo., 35. bd. 


Longmans’ Series of Books for Girls. 

Price 25. bd. each. 

Atelier {The) Du Lys : or, an Art The Third Miss St. Quentin. By 
Student in the Reign ol Terror. Mrs. Molesworth. 


By 


the same Author. 

'T'.. ..T. r'., 


Very Young; 


In the Olden Time ; a 
Talc of the Peasant 
W’ar in Germany. 

A Younger Sister. 


Hester's Venture ,■ Can this be Love ? By Louisa Parr. 
7'he Fiddler of Xeith Deramore. By the Author of 

/MOM. I -Miss Molly'. 

A Child of the ' / 

Revolution. \ Sidney. By Margaret Deland. 


Atherstone Priory. By L. N. 

COMYN. 

The Story of a Spring Morning., 
etc. By Mr. Molesworth. Illustrated. 
The Palace in the Garden. By 
Mrs. Molesworth. Illustrated. 
Neighbours. By Mrs. Molesworth. 


An Arranged Marriage. By 
Dorothea Gerard. 

Last Words to Girls on Life at 
School and after School. By Maria 
Grey. 

Stray Thoughts for Girls. By 
Lucy H. M. Soulsby. i6mo., is. bd. net. 
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The Silver Library. 


3s. 6d. EACH Volume. 


Crown 8vo. 

Krnold’t (ftlr Edwin) and Landi. With 
71 Uhiblrations. 35. 6^. 

Badthot’i (W.) Biographical Studlei. 35. (xi. 1 
Bagchot'a i W.) Economic Btudlec. y. 6rf. 
Bagehot’s ( W.) l iterary Btudlee. With Portrait. ' 

3 vols, 6rf. each. I 

Baker’i (Sir B. W.) Eight Yeari In Ceylon. 

With 6 Illustrations, y. 6d. 

Baker’t (Sir B. W.) Rifle and Hound in Ceylon. ! 

With 6 Illustrations. y. 6d. 

Baring-Gould*i (Rev. B.) Curloue My the of the 
Middle Agee. 3^. 6 d. 

Baring-Qould'e (Rev. 8.) Origin and Develop- { 
ment of Religioui Belief. 2 vols. 3^.6^. each. 1 
Becker*! (W. A.) Gallui ; or, Roman Scenes in the , 
I'lrne of Augustus. With 26 Ulus. 3J. 6 d. 
Beeker'i (W. A.) CharicleB: or, Illustrations of 
the Private Life of the Ancient Greeks. | 
With 26 Illustrations, y. 6d. ' 

Bent*! (J. T.) The Ruined Citiee of Maehona- ; 

land. With 117 Illustrations. 3.?. 6 d. } 

Braeeey*! (Lady) A Voyage in the * Sunbeam *. 

With 66 Illustrations, y. 6d. 

Clodd*! (E.) Story of Creation: a Plain Account 
of Evolution. With 77 Illustrations, y. 6d. 
Conybeare (Rev. W. J.) and Howeon*! (Very 
Rev. J. 8.) Life and Epietlee of 8t. Paul. 
With 46 Illustrations, y. bd. 

Dougali*! (L.) Beggar! All : a Novel. 3^. 6 d. 
Doyle*! (A. Conan) Micah Clarke. A Tale of 
Monmouth’s Rebellion. With 10 Illusts, y.6d. J 
Doyle*! (A. Conan) The Captain of the Poleetar, 
and other Tales, y. bd. 

Doyle*! (A. Conan) The Refugee!: A Talc of 
the Huguenots. With 2^ Illustrations. ybJ. 
Doyle*! (A. Conan) The Stark Munro Letters. 
y. 6 d. 

Froude*! (J. A.) The Hietory of England, from 
the Fall of Wolsey to lh<* Defeat of the 
Spanish .Armada. 12 vols. 3^. 6 d. each. 

Froude’! (J. A.) The English In Ireland. 3 vols. 

lOJ. 6</. 

Froude’s (J. A.) The Divorce of Catherine of 
Aragon. 3^ 6 d. 

Froude*! ^J. A.) The Spanieh Story of the 
Armada, ..nd other Essays. 3.5'. 6 d. 

Froude*! (J. A.) Short Btudie! on Great Sub- 
ject!. 4 vols. y. 6 d. each. 

Froude*! (J. A.) Oceana, or England and Her 
Colonies. W'lth 9 Illustrations, y. bd. 
Froude’! (J. A.) The Council of Trent, y. bd. 
Froude*! (J. A.) Thoma! Carlyle : a History of 
his Life. 

1795-1835- 2 vols. 7s. 

1834-1881. 2 vols. 7.V. 

Froude*! (J. A.) Cn!ar : a Sketch, y. bd. \ 

Froude*! (J. A.) The Two Chief! of Dunboy : an | 
Irish Romance of the Last Century, y. bd. 
Gleig*! (Rev. G. R.) Life of the Duke of 
Wellington. With Portrait, y. bd. \ 

Oreville*! (C. 0 . F.) Journal of the Reigne of : 
King George IV., King William lY., and j 
Queen Victoria. 8 vols., 3.;. bd. each. , 
Haggard*! (H. R.) She : A History of Adventure, i 
With 32 Illustrations. 3J. bd. l 

Haggard*! (H. R.) Allan Quatermain. With 1 
20 Illustrations. 3^. bd. 


Haggard*! (H. R.) Colonel Quarltch, V.C. *. a 
Tale of Country Life. With Frontispiece 
and Vignette. 35. bd. 

Hazard*! (H. R.) Cleopatra. With 29 Illustra- 
tions. y. bd. 

Haggard*! (H. R.) Eric Brighteye!. With 51 
Illustrations, y. bd. 

Haggard*! (H. R.) Beatrice. With Frontispiece 
and Vignette, y. bd. 

Haggard*! (H. R.) Allan*! Wife. With 34 Illus- 
trations. 35. bd. 

Haggard (H. R.) Heart of the World. With 
15 Illustrations, y. bd. 

Haggard*! (H. R.) Montezuma*! Daughter. With 
25 Illustrations, y. bd. 

Haggard’! (H. R.) The Witch*! Head. With 
16 Illustrations. 3i, bd. 

Haggard*! (H. R.) Mr. Meeeon*! Will. With 
16 Illustrations, y. bd. 

Haggard*! (H. R.) Nada the Lily. With 23 
Illustrations, y.bd. 

Haggard*! (H. R.) Dawn. With 16 Illusts. y.bd. 
Haggard*! (H. R.) The People of the Mlit. With 
16 Illustrations, y. bd. 

Haggard*! (H. R.) Joan Haite. With 20 Illus- 
trations. y. bd. 

Haggard (H. R.) and Lang*! (A.) The World*! 

De!ire. With 27 Illustrations, y. bd. 
Harte*! (Bret) In the Carquinez Wood! and 
other Btorlee. y. bd. 

Helmholtz*! (Hermann von) Popular Lecture! 
on Bcientlflc Subject!. With 68 Illustrations. 

2 vols. y. bd. each. 

Hornung’! (E. W.) The Unbidden Gueet. 35. bd 
Howitt*! (W.) Visit! to Remarkable Place!. 

W ith 80 Illustrations. 3J. bd. 

JeffTerles* (R.) The Story of My Heart: My 
Autobiography. With Portrait. 3^. bd. 
Jefferies’ (R.) Field and Hedgerow. With 
Portrait. 35. bd. 

Jefferies’ (R.) Red Deer, Whih 17 Illusts. 31. bd. 
Jefferies* (R.) Wood Magic: a Fable. With 
Frontispiece and Vignette by E. V. B. 3J. bd. 
Jefferies (R.) The Tollers of the Field. With 
Portrait from the Bust in Salisbury Cathedral. 
3^. bd. 

Kaye (Sir J.) and Halleson’s (Colonel) History 
of the Indian Mutiny of 1857 - 8 . 6 vols. 

3v. bd. each. 

Knight’s (E. F.) The Cruise of the ‘Alerte*: 

the Narrative of a Search for Treasure on 
the Desert Island of Trinidad. With 2 
Maps and 23 Illustrations, y. bd. 

Knight’s (E. F.) Where Three Empires Meet: a 
Narrative of Recent Travel in Kashmir, 
Western Tibet, Baltistan, Gilgit. With a Map 
and 54 Illustrations, y. bd. 

Knight’s (E. F.) The ‘ Falcon * on the Baltic : a 
Coasting Voyage from Hammersmith to 
Copenhagen in a Three-Ton Yacht. With 
Map and ii Illustrations. 3^. bd. 

Kbstlin’s (J.) Life of Luther. With 62 Illustra- 
tions and 4 Facsimiles of MSS. y. bd. 
Lang*! (A.) Angling Sketches. With 20 Illustra- 
tions. 3^. bd. 

Lang*! (A.) Custom and Myth : Studies of Early 
Usage and Belief. 3^. bd. 
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iJUUf*! (&*)Goo 

LuCi (A.) Th« Voak of Fite : a Story of the 
I^ys of Joan of Arc. With 13 lUusts. y. 

Uos (J. JL) Mid Cl«ttortaok*i (W, J.) B. C. 
im, I Baabte in Brltteh Goliimhia. With 
Maps and 75 Illustrations, y. 6</. 
Baoailay*! (Lord) Bosajs Mid Lays of Aaoloat 
Maoiood^ (H. ipiloiBoati of BanMnd. y^(>d. 
Boom, etc. With Portrait and 4 Illustrations 
to the * Lays ’. 31. 6rf. 

■arbot*s (Baron do) Homolrt. Translated, 
a vols. 

(J. G.) Momoin of Sir Hoary { 
HaYOlook. y. 6d. I 

■orlvatet (Dm) Hlftory of tho Bomant 
nador tho BaiFiro. 8 vols. y. 6d. each. 
Horrtnian*i (H. S .) FloUam : A Tale of the ! 

Indian Mutiny. 3.^. 6 d. | 

■ill*s (i. S.) PoUtloal Booaony. 3 ;. 6d, 
^*i(i.^)ByMoB^Lflj0o. 3f. | 


Orooiliidof 

With 142 Illustrations and a Map. 3;. 6 d. 
Philllypt-Wolloy*s (C.) Snap 1 a L^end of the 
Lone Mountain With 13 Illustrations. 3r. 6 d. 

Prootor*! (B. A.) Tho Orbo Around Ui. y. 6d. 
Froetor*! (B. A.) Tho Bzpaaao of HoaYoa. j 

y. 6d. . 

PfWor*f (K, A.) Lldht Seloaoo for Ulsuro j 

Hoora. First S^e^ y. 6d. 


Proetor's (B. A^) Gar Plaoo anoad laflaftlos : 

a Series of Essaj-s contrasting our Little 
Abode in Space and Time with the Infinities | 
around us. 35. 6<f. * 

Proctor*! (B« A.) Other Baat than Oort. 3 ;. 6d, 


Proctor*! (B« A.) Boaih Ways laado Bmooth* 

y> 6<f. 

Proctor*! (B. A.) Pteaoaat Ways la loloaoi. 

y> 6</. 

Proctor*! (B. A«) Myth! aad Hanrol! of Aa- 
troBomy. 3;. 6d, 

Proctor*! (B« A.) Bataro Btadloa. y, 

Proctor*! (B. A.) Lol!aro Boadlal!, By R. A. 
Proctor, Edward Clodd, Andrew 
Wilson, Thomas Foster, and A. C. 
Ranyard. With Illustrations. 3r. 6d» 
Bhoooeayl*! (Owoa) Tho Jewel of Taya Galon. 

With 12 Illustrations, y. 6rf. 

Boeaotti*! (Marla F.) A Bhadow of Dante. 31 . 6 ^. 
•iBlth*!(B. Booworth)Oarthaie and the Oartha- 
dtalane. With Maps. Plans, etc. y. 6d. 
Btaaley*! (Bishop) Familiar History of Birds. 
W'ith x6o Illustrations, y. 6d, 

r Dr. 


•teTeaooB (B. L.) aad Oebonme*! (U.) Tho 

y- 6d. 

•teTeaeoB (Robert Looie) aad ttOToasoa’s 
(Faaay vaa de Grift) More lew Arabian 
BldhU.— The Dynamiter. 3;. 6 d, 

Weymaa's (Btaaley J.) The Room of tho 
Wolf : a Romance, y. 6d. 

With 

Wood's (Rev. J. Q.) Btraade DwoUiads. With 
60 Illustrations. 31. 6 d. 

Wood’s (Rot. J. 0.) Out of Doors. With xi 
Illustrations, y, 6 d. 


Cookery, Domestic Management, &o. 


By De Sails (Mrs.). — continued, 

I Dressed Vegetables a la Mode, 


Actoo * — Modern Cookery, 

Eli2a Acton. With 150 Woodcuts. 

8vo., 4s. f)d, 

BucktOiu — Comfort and Cleaned ' 

NESS : The Servant and Mistress Question. 
By Mrs, Catherine M. Buckton, late 
Member of the Leeds School Board. With , 
14 Illustrations. Crown 8vo., zi. ! 

Bull (Thomas, M.D.). 

If/NTs TO Mothers on the Man- 

AGSMBA T OP THEIR HEALTH DURING THE 

Period op Pregnancy, Fcp. 8vo,, 11. W. 
The Maternal Management of 
Children in Health and Disease, 
Fcp. 8vo., II. 6d, 

De Salts (Mrs.). 

Cakes and Confections i la 
Mode. Fcp. 8vo., 11. td. 

Dogs: A Manual for Amateurs. 
Pep. 8vo., li . 6d. 

Dressed Game and Poultry JJ la 
Mode, Fcp. 8vo., u. 6d, 


Fcp. 8vo., 11 6d. 

* LA Mode, Fcp.8vo.,i5.6</. 
Entries a la Mode, Fcp. 8vo,, 

IS. 6<f. 

Floral Decorations, Fcp. 8vo.» 

IS. 6d. 

Gardening \ la Mode. Fcp. 8va 
Part I., Vegetables, is. 6d, Part II., 
Fruits, IS. 6d. 

National Viands } la Mode. Fcp. 

8vo., IS. 6d. 

New-laid Eggs, Fcp. 8vo., 15 . 6d. 
Oysters ^ la Mode, Fcp. 8vo., 

IS. w. 

Puddings and Pastry \ la 
Fcp. 8vo., IS. W. 

Savouries X la Mode, Fcp. 8vo., 

li.Gd. 

Soups and Dressed Fish Ji la 
Mode. Fcp. 8vo., u. bd. 
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Cookery, Domestie Management, &6. — continued. 


De Sails (Mrs.) — continued. 

Sweets and Supper Dishes ^ la 
Mode. Fcp. 8vo., li. W. 

Tempting Dishes for Small In- 
comes. Fcp. 8vo., IS. 6d. 

Wrinkles and Notions for 
E VERY Household. Crown 8vo. , ii. td. i 

L^as.—MAiGRE Cookery. By H. L. 
Sidney Lear. i6mo., 21. 

Poole. — Cooker y for the Dia be tic. 
By W. H. and Mrs. Poole. With Preface 
by Dr. Pavv. Fcp. 8vo., 2s. 6d. 


Walker Oane H.). 

A Book for Every Woman. 
Part I., The Management of Children 
in Health and out of Health. Crown 
8vo., 21. 6d. 

Part II. Woman in Health and out ot 
Health. Crown 8vo., 2s. 6d. 

A Handbook for Mothers : 
being Simple Hints to Women on the 
Management of their Health during 
Pregnancy and Conhnementf together 
with Plain Directions as to the Care 01 
Infants. Crown 8vo., 2S. 6d. 


Miseellaneous and Critical Works. 


AUingham.— m Prose. Brookings and Ringwalt—^ir/^-ra 

By WILLIAM Allinoham. 3 vols. Cr. 8vo., and Debate on Current, Political, 
x^. (Vols. I and 2, Rambles, by Patricius 
Walker. Vol. 3, Irish Sketches, etc.) 


Armstrong.— ys and Sketches. 
By Edmund J. Armstrong. Fcp. 8vo., 55. ^ 
Liter ary Studies. By 
'alter Bagehot. With Portrait. 3 vols. 
Crown 8vo., 31. 6d. each. 

Baring-Gould.— Curious Myths of 
the Middle Ages. By Rev. S. Baring* 
Gould. Crown 8vo., 35. 6d. 

Bajmes. — Shakespeare Studies, 
and other Essays. By the late Thomas 
Spencer Baynes, LL.B., LL.D. With a 
Biographical Preface by Professor Lewis 
Campbell. Crown 8vo., -js. 6d. 

Boyd (A. K. H.)(‘AK.H.B;). 

And set MISCELLANEOUS THEOLOGICAL 
WORKS, p. 3a. 

Autumn Holidays OF A Country 
Parson. Crown 8vo., 35. 6 d. 
Commonplace Philosopher. Cr. 
8vo., 31. 6d. 

Critical Essays of a Country 
Parson. Crown 8vo., 35. bd. 

East Coast Days and Memories. 
Crown 8vo., 31. bd. 

Landscapes, Churches, and Mora- 
lities. Crown 8vo., 35. bd. 

Leisure Hours in Town. Crown 
8vo., 3J. bd. 

Lessons of Middle Age. Crown 
8vo., 3i. bd. 

Our Little Life. Two Series. 

Crown 8vo., 3s. bd. each. 

Our Homely Comedy: and Tra- 
gedy. Crown 8vo., 3s. bd. 
Eecreationsofa Country Parson. 
Three Scries. Crown 8vo., 35. bd. each. 


Economic and Social Topics. Edited 
by W. Du Bois Brookings, A.B. of the 
Harvard Law School, and Ralph Curtis 
Ring WALT, A.B. Assistant in Rhetoric in 
Columbia University, New York. With an 
Introduction on ‘ The Art of Debate ’ by 
Albert Bushnell Hart, Ph.D. of Har- 
vard University. With full Index. Crown 
8 vo., 6s. 

Butler (Samuel). 

Erewhon. Crown 8vo., 55. 

The Fair Haven. A Work in De- 
fence of the Miraculous Element in our 
Lord’s Ministry. Cr. 8vo., 7s. bd. 

Life and Habit. An Essay after a 
Completer View of Evolution. Cr. 8vo., 
75. bd. 

Evolution, Old and New. Cr. 
8 vo., 105 . bd. 

Alps and Sanctuaries of Pied- 
mont AND Canton Ticino. Illustrated. 
Pott 4to., 105 . bd. 

Luck, or Cunning, as the Main 
Means op Organic Modification? 
Cr. 8vo., 75. bd. 

Ex Vo to. An Account of the Sacro 
Monte or New Jerusalem at Varallo-Sesia. 
Crown 8vo., los. bd. 

Selections from Works, with Re- 
marks on Mr. G. J. Romanes’ ‘ Mental 
Evolution in Animals,’ and a Psalm of 
Montreal. Crown 8vo., 75. bd. 

The Authoress of the Odyssey, 

WHERE and when ShE WROTE, WHO 
She was, the Use She made of the 
Iliad, and how 7 he Poem grew under 
Per hands. With 14 Illustrations. 

8 vo., 105 . bd. 
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Miseellaneous and Critical Works— con/mued. 


Charities J^eois ter, The AnyrAL/ 
AXD Digest: being a Classified Register , 
of Charities in or available in the Metro- ; 
polis, together with a Digest of Information 
respecting the Legal, Voluntary, and other 
Means for the Prevention and Relief of 
Distress, and the Improvement of the Con- 
dition of the Poor, and an Elaborate Index. 
With an Introduction by C. S. Loch, Sec- ; 
retary to the Council of the Charity Organi- : 
sation Society, London. 8vo., 4s. 

TyowtW,— T houghts and Horps. 

By Stephen Dowell. 3 vols. Crown 
8vo., 3 IS (Mi. 

This IS u uttetum of tn pnm and vtt<.£ 

from tiuihon. ancient and miulern, arranged according ; 
to the subjCit. ' 

Dreyfus . — Lectures on Freaxh 
Literature. Delivered in Melbourne by ; 
Irma Dreyfus. With Portrait of the 
Author. Large crown 8vo., 125. bd. ! 

Evans . — The Ancient Stone hi- 
riKMEsrs^ HTapoxs a.\p Or.va.me.vts of ' 
Great Hkitaix. By Sir John Evans, ; 
K.C.B., D.C.L.. LL.D., F.R.S., etc. 1 

With 537 Illu.strations. Medium 8vo., 285. | 

Hamlin .—^ Text- Book of the ! 
History OF Architecture. By A. D. F. ' 
Hamlin, A.M. VV^ith 229 Illustration.s. 
Crown 8 VO., 75. (xi. 

Haweis. — Music and Moral.s. By 

the Rev. H. R. Haweis. With Portrait of 
the Author, and numerous Illustrations, 
Facsimiles, and Diagrams, Cr. 8vo., 7J. 6rf. 

H ime . — S era i ' .)///. / ta rv Pa pers. 
By Lieut. -Colonel H. W. L. Hime (late 
Royal Artillery). 8vo, fs. 6d. 

Contents — Infantry Fire Formations — On 
Marking at Rifle Matches— l*he Progress of Fa-Id 
Artillery— 7 he Reconnoitermg Duties of Cavalry. 

Hullah .- The History of Modern 
Music; a Course of Lectures. By John 
Hullah, LL.D. 8vo., 85. 6<f. 

Jefferies (Richard). 

Field and Hedgeroi^': With Por- 
trait. Crown 8vo., 3f. W. 

The Story of My Heart: my 
Autobiography. With Portrait and New ; 
Preface by C. j. Longman. Cr. 8vo., 31. 6rf. : 
Red Deer. With 17 Illustrations 
by J. Charlton and H. Tunalv. Crown | 
8vo., 3r. Gd. i 

The Toilers of the Field. With 
Portrait from the Bust in Salisbury 
Cathedral. Crown 8vo., 31. 6rf. 


Jefferies (Richkkd)— con tinned. 

Wood Magic : a Fable. With Fron- 
tispiece and Vignette by E. V. B. Crown 
8vo. , 35. Gd. 

Thoughts from the Writings of 
Richard Jefferies. Selected by H. S. 
Hoolb Waylen. i6mo., 35. 6d. 

Johnson,— T he Patentees Man- 
ual: a Treatise on the Law and Practice 
of Letters Patent. By J. & J. H. Johnson, 
Patent Agents, etc. 8vo., lor. 

Joyce. — The Origin and History 
OF Irish Names of Places. By P. W. 
JoicE, LL.D. 2 vols. Crown 8vo.. 5s. each. 

Lang (Andrew). 

The Making of Religion. 8 vo. 
Modern ALythoiocy : a Reply to 
Professor Max Muller, 8vo., 95. 

Letters to Dead Authors. 

8vo., 25 . Gd. net. 

Books and Bookmen. With 2 

Coloured Plates and 17 Illustrations. 
Fcp. 8vo., 25 . Gd. net. 

Old Friends. Fcp. 8vo., is, 6d. net. 
Letters on Inter atuke. Fcp. 

8vo., 25 . Gd, net. 

Essays IN Little. With Portrait 

of the Author. Crown 8vo., 2.1. Gd. 

Cock Lane and Common -Sense, 

Crown 8vo., 35. Gd. 

The Book of Dreams and Ghosis. 

Crown 8 vo., 65. 

Macfarren. — Lectures on Har- 

MOST. By Sir George A. Macfarren. 

8 VO., 125. 

Madden.— 7>/a' Diary of Master 
William Sile. we: a Study of Shake- 
speare and Eli/abclhan Sport. By the 
Right Hon. I). H. Madden, Vice-Chancellor 
of the University of Dublin. Svo., 165. 

Max Milller (The Rifjht Hon. F.). 

India: What can it Teach Us? 
Crown 8vo., 35. Gd. 

Chips from a German Workshop. 
Vol. L Recent Essays and Addresses. 
Crown 8vo., 55. 

Vol. 11 . Biographical Essays. Crown 
8vo., 55. 

Vol. III. Essays on Language and Litera- 
ture, Crown 8vo., 55. 

Vol. IV. Essays on Mythology and Folk 
Lore. Crown 8vo., [ 

Contributions to the Science of 
Mythology. 2 vols . 8vo ., 325 . 
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Miseellaneous and Critical yf ovks—continmd. 


yLilntr,— C ountry Pleasures : the 
Chronicle of a Year chiefly in a Garden. 
By George Milner. Crown 8vo., 35. td. 

Morris (William). 

Signs of Change, Seven Lectures 
delivered on various Occasions. Post 
8vo., 45. 6d. 

Hopes and Fears for Art, Five 

Lectures delivered in Birmingham, Lon- 
don, etc., in 1878-1881. Crown 8vo., 
4s. 6^f. 

An Address delivered at the 

D fS TRIBUTIOX 0 F PRIZES TO S Tt DES^TS 
OF THE Bjrmixgham Miwicipal School 
OF Art ON 21ST February, 1894. 8vo., 

25. bd. net. 

Orchard. — The Astronomy of 

‘ Milton’s Paradise Lost ’. By Thomas 
N. Orchard, M.D., Member of the British 
Astronomical Association. With 13 Illus- 
trations. 8vo., 65. net. 

Poore (George Vivian), M.D., 
F.R.C.P. 

^ Essays ON Pur A L Hygiene. With 
^ 13 Illustrations. Crown 8vo., 65. 6d. 

The Du' el ling House. With 36 
Illustrations. Crown 8vo., 35. bd. 

Proctor. — Strength : How to get 

Strong and keep Strong, with Chapters on 
- Rowing and Swimming, Fat, Age, and the 
Waist. By R. A, Proctor. With g Illus- 
trations. Crown 8vo., 25. 

Richmond.— 1 ; a Plea for 
Continuity in Education. By Ennis Rich- 
mond. Crown 8vo., 25. bd. 

Rossetti. ~ A Shadoiy of Dante : 

being an Essay towards studying Himself, 
his World and his Pilgrimage. By Maria 
Francesca Rossetti. With Frontispiece 
by Dante Gabriel Rossetti. Crown 
8vo., 35. bd. 


Solovyoff. — A Modern Priestess 
OF Isis {Madame Blavatsry). Abridged 
and Translated on Behalf of the Society for 
Psychical Research from the Russian of 
Vsevolod Sergyeevich Solovyoff. By 
Walter Leaf, Litt.D. With Appendices. 
Crown 8vo., bs. 

Soulsby (Lucy H. M.). 

SrA'jy TiiovGHrs on Reading. 
Small 8vo., 25. bd. net. 

Stra j ' Thoughts for Girls, i 6mo., 

15. bd. net. 

Stra y Thoughts for Mothers and 
Teachers. Fcp. 8vo., 2s. bd. net. 
Stray Thoughts for Invalids, 
i6mo., 2s. net. 

Southey. — The Correspondence of 
Roberi Southey \vn hCarolineBowles. 
Edited, with an Introduction, hy Edward 
Dowden, LL.I). 8vo., 145. 

Stevens. — On the Stowage of Ships 

AND THEIR CARGOES. With Information re- 
garding Freights, Charter-Partie.s, etc. By 
Robert White Stevens, Associate-Mem- 
ber of the Institute of Naval Architects. 
8vO., 215. 

Turner and Sutherland.~7>/£i>£^- 

yelotment OF Australian Literature. 
By Henry Gyles Turner and Alexander 
Sutherland. With Portraits and Illustra- 
tions. Crown Svo., 55. 

; Warwick. — Progress in UIuien's 

E DL r. / TION IN THE BRITISH E MPIRE : being 
the Report of Conferences and a Congress 
i held in connection with the Educational 
Section, Victorian Era E.xhibition. Edited 
by the Coiintess of Warwick. Crown 
' 8vo., 65. 

White. — An Examination of the 
I Charge of Apostacy against Words- 
iroRTH. By W. Hale White, Editor of 
; the ‘ Description of the Wordsworth and 
, Coleridge MSS. in the Possession of Mr. 
T. Norton Longman ’ . 


Miseellaneous Theological Works. 

For Church of England and Roman Catholic Works see Messrs. Longmans & Co.’s 
Special Catalogues. 


Balfour. — The Foundations of 
Belief : being Notes Introductory to the 
Study of Theology. By the Right Hon. 
Arthur J. Balfour, M.P. 8 vo., 125. bd. 

Bird (Robert). 

A Child's Religion, Cr. 8vo., 2s. 

Joseph^ the Dreamer. Crown 
8 vo., 55. 


i Bird (Robert) — continned. 

Jesus, the Carpenter of 
Nazareth. Crown 8vo., 55. 

To be had also in TWo Parts, price 25, bd. 
each. 

Part 1 . Galilee and the Lake of 
Gennesaret. 

Part II. Jerusalem and the Perjea. 
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Miseellaneous Theologieal Works— 


5. H.) 

(kCASIONAlANJ>/MMSMOi(JAi,DA VS: 

]>iscoiir8es. Crown 8vo., 7r. 6^. 
Counsel and Comfoet from a 
Cm Fuupit, Crown 8vo., s*. W. 
Sunday Afternoons in the Parish 
Church of a Scottish University 
Cm. Crown 8vo., jr. W. 

Changed Aspects of Unchanged I 
Crown 8vo.» 31. 6d. 

Grayer Thoughts of a Country 
Farson Three Series. Crown 8vo., 
31. 6 d, each. 

Present Day Thoughts. Crown 
8vo., 31. W. 

Seaside JIf usings. Cr. 8 vo., 3 s. 6 <f. 

THE Day' through the 
Christian Year : being a Text of Saipture, 
with an Original Mutation and a Short 1 
Selection in verse for Every Day. Crown 
Svo., 41. fid. 

Davidson. — Theism, as Grounded in 
Human Nature, Historically and Critically 
Handled. Being the Burnett Lectures 
for 189a and 1893, delivered at Aberdeen. 
By WxLLUM L. Oaviosok, M.A., LL.D. 
8vo., 151. 

Gibson.— TWii Assi de Lamennais. 
and the Liberal Cathouc Movement | 
IN France. By the Hon. W. Gibson. | 
Wirii Portrait. 8vo., 121. 6d. j 

Kali8di(M. M., Ph.D.). | 

Bible Studies. Part I. Pro- 1 
pbedes of Balaam. 8vo., lor. fid. Part | 
IL The Book of Jonah. 8vo., loi. fid. j 

Commentary on the Old Testa- 
ment: with a New Translation. Vol. I. 
Genesis. 8vo., 181. Or adapted for the 
Genera] Kead». lar. Vot fl. Exodus. 
15s. Or adapted for the General Reader, 
lai. Vol. III. Leviticus, Part 1. ijr. 
Or adapted for the General Reader. 8s. 
Vol. IV. Leviticus, Part IL 15s. Or 
adxpttd for the General Reader. 8s. 

Iau^.^Th£ Making of Religion. 
Byl> iDBEW Lang. $vo., ins. 

MacDonald (George). 

UirspoKSir Sskmons. Three Series. 
Cfwwn Svo., 3s. fid. each. 

' The Miracles of our Lord. 
Crown 8vo.f 3s. fid. ^ 

xo,oqo/6/98. 


Martiileau (Jambs). 

Hours of Thought oh SacfxO 
things : Sermons, i volt. Cro#o 8 vd;^ 
3s. fid. each. 

Bndeayours after the Christian 
Life. Discourses. Crown 8va, 7s. fid. 

The Seat of Authority in 

UGION. 8vO., Z4I. 

Essays, Rey/eiys, and Addresses. 

4 Volt. Crown 8vo., 7s. fid. each. 

I. Peraonal ; Pc^ticsl. 11. Bcclodatticsl : Historical. 
III. Tlwolosicsl; PtOkMOphiesL IV. jcsdsmicsl; 
RsUfiotis. 

IfoME Prayers, with I^yo Seryices 
for Public Worship. Crown 8vo., 31. fid. 

Max Muller (F.> 

The Ok/g/h ahp Growth of Rsu- 

GtON, as illustrated Iw the I 

India. The Hibbcrt Lectures, delivered 
at the Chapter House, Westminster 
Abbey, in 1878. Crown 8va, 71. fid. 

Introduction to the Science of 
Rbugion : Four Lectures delivered at the 
Royal Institution. Crown 8vo., 35. fid. 

Religion. The Gifford 
Lectures, delivered before the University 
of Glasgow in x888. Crown 8vo., 51. 

Physical Religion. The 

Lectures, delivered before the University 
of Glasgow in 189a Crown 8vo., 51. 

Anthropological Religion. The 
Gifford Lectures, delivered before the Uni- 
versity of Glasgow in 1891. Cr, 8vo., 51. 

Theosophy, or Psychological Re* 

UGION The Gifford 

before the University of Glasgow in 1893. 

Crown Svo., 51. 

Three Lectures on the VedLnta 
Philosophy, delivered at the Royal 
Institution in March, 1894. Svo., 31. 

"RovDEXitiE.— T houghts 
By George j. RoitAtrBS, LL.D., F.R.^. 
Crown Svo., 41. fid. 

Vivekananda.— Yoga Philosqphv: 

Lectures delivered in New York, Winter of 
SWAM! VIVBKANANDA* 
on Raja Yoga ; or, Conquering the Interniid 
Nature; also Patanjali’s Yoga Aphortsmi, 
with Commentaries. Crown »vo, p* fid. 







